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Background: Low serum vitamin D levels have been associated with several autoimmune diseases, but their
association with thyroid autoimmunity is unclear. We evaluated the association of serum vitamin D levels with
the prevalence of autoimmune thyroid disease (AITD).
Methods: Our cross-sectional study included subjects who underwent routine health checkups, which included
assays of serum 25-hydroxy vitamin D3 [25(OH)D3] and anti–thyroid peroxidase antibody (TPO-Ab), as well
as thyroid ultrasonography (US) between 2008 and 2012 at the Asan Medical Center. We defined AITD according
to the levels of TPO-Ab and US findings.
Results: A total of 6685 subjects (58% male; 42% female) were enrolled for this study. Overall prevalence of
TPO-Ab positivity and both TPO-Ab/US positivity were 10.1% (6.3% male; 15.3% female) and 5.4% (2.3%
male; 9.7% female) respectively. In female subjects, mean serum 25(OH)D3 levels were significantly lower in
the TPO-Ab(+) (22.0 vs. 23.5 ng/mL, p = 0.030) and TPO-Ab(+)/US(+) groups (21.6 vs. 23.4 ng/mL, p = 0.027)
compared with the control group, respectively. According to the levels of serum 25(OH)D3, the prevalence of
TPO-Ab positivity (21.2%, 15.5%, and 12.6% in deficient, insufficient, and sufficient group, respectively;
p = 0.001) and both TPO-Ab and US positivity (14.7%, 9.9%, and 7.1% in deficient, insufficient, and sufficient
group, respectively; p < 0.001) decreased in female subjects. Interestingly, this pattern was significant only in
pre-menopausal women ( p = 0.003 and p < 0.001; respectively), but not in postmenopausal women. Multivariate
analysis indicated that the adjusted odds ratios (OR) for AITD among those in the 25(OH)D3-deficient [TPO-
Ab(+): OR 1.95, p = 0.001; TPO-Ab(+)/US(+): OR 2.36, p < 0.001] and -insufficient groups [TPO-Ab(+): OR
1.31, p = 0.043; TPO-Ab(+)/US(+): OR 1.50, p = 0.017] were significantly increased when compared with the
sufficient group.
Conclusions: The levels of serum vitamin D were significantly lower in pre-menopausal women with AITD.
Vitamin D deficiency and insufficiency were significantly associated with AITD in pre-menopausal women.

Introduction

The classical main function of vitamin D is a regu-
lation of calcium homeostasis, which is primarily

maintained via bone formation and resorption (1). In more
recent years, the actions of vitamin D have been shown to go
beyond calcium metabolism to include cell growth, differ-
entiation, maturation and apoptosis, anticarcinogenic effects,
and anti-autoimmune activities (2,3). In particular, the role of
vitamin D as an immune modulator has been emphasized in
recent reports (4–6).

Vitamin D deficiency has been found to correlate with an
increased incidence of autoimmune diseases, including type 1

diabetes mellitus, rheumatoid arthritis, systemic lupus er-
ythematosus, multiple sclerosis (MS), and Crohn’s disease
(2–7). In some animal experiments, vitamin D supplements
prevented the development and progression of autoimmune
disorders such as MS and type 1 diabetes mellitus (8–10).
However, it is unclear whether low vitamin D levels closely
correlate with the development of autoimmune thyroid dis-
ease (AITD). Small case-control studies have suggested
lower serum vitamin D levels or a higher prevalence of vi-
tamin D insufficiency in patients with AITD compared with
healthy controls (11–16). However, another study reported no
significant association between the serum vitamin D levels
and thyroid autoimmunity (17). A recent study from the
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Amsterdam AITD cohort indicated that de novo development
of anti–thyroid peroxidase antibody (TPO-Ab) was not asso-
ciated with low vitamin D levels (18).

In our present study, we evaluated the serum 25-hydroxy
vitamin D3 [25(OH)D3] levels according to the levels of
serum TPO-Ab and thyroid ultrasonography (US) findings
from a relatively large cohort. Importantly, we investigated
the prevalence of TPO-Ab positivity and both TPO-Ab and
US positivity according to the serum 25(OH)D3 status in
men, as well as in both pre- and postmenopausal women. Our
findings indicate that thyroid autoimmunity is significantly
associated with lower vitamin D levels only in pre-
menopausal women.

Materials and Methods

Subjects

We included subjects who underwent routine health
checkups at the Asan Medical Center between 2008 and
2012. All subjects were interviewed and examined by phy-
sicians in the health promotion center. Information about
menopausal status, history of previous disease and medica-
tion, and history of previous surgery for each subject was
obtained via self-administered questionnaires. Subjects who
were tested for serum levels of 25(OH)D3, calcium, and
TPO-Ab, as well as simultaneously being examined using
thyroid US, were enrolled in this study. However, subjects
younger than 25 years of age or older than 80 years of age,
pregnant women, and those with abnormal liver or kidney
function, a history of any thyroid disease or thyroid surgery,
or any medication history that involved taking calcium or
vitamin D supplements were excluded. Seasons of health
checkup date were categorized as spring (March to May),
summer ( June to August), autumn (September to November),
and winter (February to December) (19). The study was ap-
proved by the institutional review board of the Asan Medical
Center.

Laboratory measurement

Blood samples were collected in the morning from the
subjects after an overnight fast. The serum 25(OH)D3
concentration was determined using the DIAsource 25OH-
Vit.D3-Ria-CT Kit (DIAsource ImmunoAssays S.A.,
Louvain-La-Neuve, Belgium; Cobra II Auto-c Counting
System, Packard Instruments, Downers Grove, IL). We
defined serum 25(OH)D3 levels as vitamin D deficient
(< 10 ng/mL, n = 403), insufficient (10–30 ng/mL, n = 4303),
or sufficient (> 30 ng/mL, n = 1979) (20). The serum TPO-Ab
concentration was determined using a BRAHMS anti-TPOn
Radioimmunoassay (RAI) kit (Thermo Scientific, Limburg,
Germany) with a functional sensitivity of 30 U/mL. A TPO-
Ab level exceeding 60 U/mL was considered to constitute a
positive TPO-Ab reading. Levels of serum thyrotropin (TSH)
and free thyroxine (fT4) were measured using the TSH-CTK-
3 immunoradiometric assay (IRMA) kit (DiaSorin S.p.A,
Saluggia, Italy) and fT4 radioimmunoassay (RIA) kit
(Beckman Coulter/Immunotech, Prague, Czech Republic),
respectively. Standard liver function tests, kidney function
tests, and serum calcium levels were measured using the
TBA-200FR instrument (Toshiba Medical Systems, Tokyo,
Japan) (21).

US examinations

All US examinations were performed using one of two US
instruments: an iU22 unit (Philips Healthcare, Bothell, WA)
or an HDI-5000 device (Philips Healthcare) equipped with a
linear high-frequency probe (4–15 MHz). During US exam-
ination, the neck was extended in the supine position. The
scanning protocol in all cases included both transverse and
longitudinal real-time imaging of the thyroid. Examinations
were performed by experienced radiologists with 2–16
years’ US experience. Diffuse thyroid parenchymal disease
was defined as having a heterogeneous parenchymal echo-
genicity on US and/or decreased vascularity on color
Doppler sonogram.

Definition of AITD

We defined AITD in two different ways: serum TPO-Ab
positivity [TPO-Ab(+) group, n = 673] and both TPO-Ab and
US positivity [TPO-Ab(+)/US(+) group, n = 358].

Statistical analysis

Continuous variables were expressed as means ( – standard
deviation) and categorical variables are presented as numbers
(percentage). Continuous variables were compared using the
Student’s t-test. Comparisons between each group according
to categorical variables were done using a chi-square test
(two-sided). The Cochran–Armitage trend test was used to
compare the prevalence of AITD relative to vitamin D levels.
We performed multivariate analysis using a binary logistic
regression model. The R software package (v2.15.2; R
Foundation for Statistical Computing, Vienna, Austria;
www.R-project.org) was used for statistical analysis. All p-
values were two-sided, and p < 0.05 was considered to denote
statistical significance.

Results

Clinical characteristics according to TPO-Ab levels

A total of 6685 subjects (58% male; 42% female) were
enrolled for this study. The mean age was 54.1 years, and the
mean body mass index (BMI) was 24.2 kg/m2. The overall
prevalence of TPO-Ab positivity was 10.1% (6.3% male;
15.3% female). The characteristics of the study subjects
in terms of the TPO-Ab positivity are summarized in
Table 1.

Serum 25(OH)D3 levels according to TPO-Ab positivity

We compared the serum 25(OH)D3 levels between the
TPO-Ab( - ) group and TPO-Ab(+) group. The level of serum
25(OH)D3 was significantly lower in the TPO-Ab(+) group
when compared with the TPO-Ab(-) group (23.6 – 0.5 vs.
25.7 – 0.2 ng/mL, p < 0.001; Fig. 1A). The number of subjects
who measured serum 25(OH)D3 levels in each season and
months were not different between the two groups (Table 1).
The difference in 25(OH)D3 levels between the two groups in
each season are shown in Figure 1B. The 25(OH)D3 levels in
the TPO-Ab(+) group tend to be lower than those in the TPO-
Ab(-) group in each season, and there was a significant
difference in spring and autumn. Serum 25(OH)D3 levels in
each month between the two groups have a similar pattern
except in February (Fig. 1C).
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Next, we compared serum 25(OH)D3 levels between the
TPO-Ab(+) and TPO-Ab(-) groups for male and female
subjects (Fig. 2A). In male subjects, there was no difference
in serum 25(OH)D3 levels between the two groups
(26.5 – 0.8 vs. 27.1 – 0.2 ng/mL, p = 0.425). In female sub-
jects, the levels of serum 25(OH)D3 were significantly lower
in the TPO-Ab(+) group when compared with the TPO-
Ab(-) group (22.0 – 0.6 vs. 23.5 – 0.3 ng/mL, p = 0.030). In
subgroup analysis of pre- (n = 908) and postmenopausal
(n = 1885) women, the serum 25(OH)D3 levels were only

significantly different in pre-menopausal women (20.3 – 1.0
vs. 22.6 – 0.4 ng/mL, p = 0.049; Fig. 2B).

Prevalence of TPO-Ab positivity according
to serum 25(OH)D3 levels

We classified study subjects into three groups according
to serum 25(OH)D3 levels: the vitamin D deficient
(< 10 ng/mL), insufficient (10–30 ng/mL), and sufficient
(> 30 ng/mL) groups. As shown in Figure 3A, the

Table 1. Characteristics of Study Subjects in Terms of the Level

of Serum Anti–Thyroid Peroxidase Antibody

Total TPO-Ab(-) TPO-Ab(+)
(n = 6685) (n = 6012) (n = 673) p-Value

Age (years) 54.1 – 8.9 54.1 – 8.9 54.4 – 8.3 0.414
Female [n (%)] 2793 (41.8) 2366 (39.4) 427 (63.4) < 0.001
BMI (kg/m2) 24.2 – 3.2 24.2 – 3.2 23.9 – 3.1 0.019
Smoking [n (%)] 3258 (48.7) 3012 (50.1) 246 (36.6) < 0.001
Serum calcium (mg/dL) 8.9 – 0.3 8.9 – 0.3 8.9 – 0.3 0.882
TSHa (mU/L) 2.0 – 1.0 2.0 – 1.0 2.1 – 1.0 0.02
fT4 (ng/dL) 1.3 – 0.2 1.3 – 0.2 1.3 – 0.4 0.153
TPO-Aba (U/mL) 13.4 – 10.1 10.5 – 10.1 522.7 – 10.2 < 0.001

Health checkup seasons [n (%)] 0.069
Spring 1914 (29) 1741 (29) 200 (30)
Summer 1912 (29) 1712 (28) 200 (30)
Autumn 1518 (23) 1352 (22) 166 (25)
Winter 1314 (20) 1207 (20) 107 (16)

Health checkup months [n (%)] 0.248
Mar 649 (10) 590 (10) 59 (9)
Apr 688 (10) 607 (10) 81 (12)
May 604 (9) 544 (9) 60 (9)
Jun 622 (9) 555 (9) 67 (10)
Jul 667 (10) 594 (10) 73 (11)
Aug 623 (9) 563 (9) 60 (9)
Sep 455 (7) 406 (7) 49 (7)
Oct 534 (8) 469 (8) 65 (10)
Nov 529 (8) 477 (8) 52 (8)
Dec 361 (5) 337 (6) 24 (4)
Jan 476 (7) 432 (7) 44 (7)
Feb 477 (7) 438 (7) 39 (6)

aGeometric mean.
AITD, autoimmune thyroid disease; BMI, body mass index; fT4, free thyroxine; TPO-Ab, anti–thyroid peroxidase antibody; TSH,

thyrotropin.

FIG. 1. Serum levels of serum 25-hydroxy vitamin D3 [25(OH)D3] in the study subjects according to the anti–thyroid
peroxidase antibody (TPO-Ab) positivity. (A) Levels of serum 25(OH)D3 in subjects from the TPO-Ab(-) group and TPO-
Ab(+) group. (B) Serum levels of 25(OH)D3 according to each season. (C) Serum levels of 25(OH)D3 according to each month.
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prevalence of TPO-Ab positivity in females was 21.2% in
the deficient group, 15.5% in the insufficient group, and
12.6% in the sufficient group. A trend for the prevalence of
TPO-Ab positivity to decrease as the levels of serum
25(OH)D3 increase was found to be significant in female
subjects ( p = 0.001), although no significant differences in
this regard were noted in male subjects. Next, we per-

formed subgroup analysis in pre- and postmenopausal
women (Fig. 3B). The same trend was significant for pre-
menopausal women (25.0%, 15.6%, and 10.8% in defi-
cient, insufficient, and sufficient groups, respectively;
p = 0.003) but not for postmenopausal women.

Given the findings of lower serum 25(OH)D3 levels in
female subjects in the TPO-Ab(+) group, we evaluated the
adjusted odds ratios (ORs) for women in the TPO-Ab(+)
group. Adjusted ORs were calculated after adjusting for age,
BMI, calcium levels, smoking history, menopausal history,
and season using binary logistic regression model. As shown
in Figure 3C, adjusted ORs for TPO-Ab positivity among
subjects in the vitamin D deficient and insufficient groups
were 1.95 ([confidence interval (CI) 1.34–2.84], p = 0.001)
and 1.31 ([CI 1.01–1.70], p = 0.043), respectively when
compared with the sufficient group. In this analysis, smoking
history (including current and past) showed a significant as-
sociation with TPO-Ab positivity (OR 1.51 [CI 1.02–2.21],
p = 0.036). However, other variables including age, BMI,
calcium levels, menopausal history, and season had no sig-
nificant association. When we further analyzed the adjusted
ORs using month of vitamin D measurement instead of the
season, the adjusted ORs for TPO-Ab positivity was 1.97 ([CI
1.34–2.88], p < 0.001) in the vitamin D deficient group and
1.27 ([CI 0.98–1.67], p = 0.071) in the vitamin D insufficient
group, respectively.

Serum 25(OH)D3 levels according to both TPO-Ab
and US positivity

The overall prevalence of both TPO-Ab and US positivity
was 5.4% (2.3% male; 9.7% female). The characteristics of
the study subjects in terms of the TPO-Ab/US positivity are
summarized in Supplementary Table S1 (Supplementary
Data are available online at www.liebertpub.com/thy). The
serum 25(OH)D3 level was significantly lower in the TPO-
Ab(+)/US(+) group when compared with the control group
(23.3 – 0.7 vs. 25.6 – 0.2 ng/mL, p < 0.001; Supplementary
Fig. S1A). The serum 25(OH)D3 level was significantly
lower in the TPO-Ab(+)/US(+) group only in females
(21.6 – 0.8 vs. 23.4 – 0.3 ng/mL, p = 0.027; Supplementary
Fig. S1B), especially in pre-menopausal subjects (18.6 – 1.1
vs. 22.6 – 0.4 ng/mL, p = 0.001; Supplementary Fig. S1C).

FIG. 2. Serum levels of 25(OH)D3 in the TPO-Ab(+) and
TPO-Ab(-) group according to sex and menopause. (A)
Serum 25(OH)D3 levels according to the level of TPO-Ab
in male and female subjects. (B) Serum 25(OH)D3 levels
according to the level of TPO-Ab in pre- and postmeno-
pausal women.

FIG. 3. The prevalence of subjects with a positive TPO-Ab value according to serum 25(OH)D3 levels in men and
women. Subjects were classified into three groups according to serum 25(OH)D3 levels: vitamin D deficient (< 10 ng/mL),
insufficient (10–30 ng/mL), and sufficient (> 30 ng/mL). (A) The prevalence of subjects with a positive TPO-Ab in the
vitamin D deficient group, insufficient group, and sufficient group. (B) The prevalence of TPO-Ab positivity between the
three groups relative to the level of serum 25(OH)D3 in pre- and postmenopausal women. p-Values were calculated for
trend analysis. (C) Adjusted odds ratios (ORs) for TPO-Ab positivity among members of the 25(OH)D3-deficient and
-insufficient groups compared with the 25(OH)D3-sufficient group. A binary logistic regression model was used to calculate
adjusted ORs after adjusting for age, body mass index, serum calcium levels, smoking, menopause, and season. Error bars
represent the confidence intervals.
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The trend for prevalence of both TPO-Ab and US positivity
to decrease as serum 25(OH)D3 levels increase was signifi-
cant in female subjects (14.7%, 9.9%, and 7.1% in the
deficient, insufficient, and sufficient groups, respectively;
p < 0.001), especially in pre-menopausal women (15.9%,
9.6%, and 3.4%, respectively; p < 0.001; Supplementary Fig.
S2A, B).

The adjusted OR for both TPO-Ab and US positivity
among subjects in the vitamin D deficient and insufficient
groups were 2.36 ([CI 1.50–3.73], p < 0.001) and 1.50 ([CI
1.08–2.09], p = 0.017) respectively when compared with the
sufficient group (Supplementary Fig. S2C). Other factors
had no significant correlation in this multivariate analysis.
When we further analyzed the adjusted ORs using month of
vitamin D measurement instead of the season, the adjusted
ORs for TPO-Ab positivity were 2.33 ([CI 1.46–3.69],
p < 0.001) in the vitamin D deficient group and 1.45 ([CI
1.04–2.05], p = 0.029) in the vitamin D insufficient group,
respectively.

Discussion

Our present evaluation of changes in the levels of vitamin
D according to the TPO-Ab positivity and US findings has
revealed that serum vitamin D levels are significantly de-
creased in women with AITD relative to women without
AITD. TPO-Ab positivity and both TPO-Ab and US posi-
tivity were also found to be more prevalent in vitamin D
deficient and insufficient women compared with vitamin D
sufficient women.

The discovery of the vitamin D receptor (VDR) in
monocytes, dendritic cells, and activated T cells highlighted
the potential involvement of vitamin D in the immune system
and in the pathogenesis of autoimmune diseases (2). The
significant association of VDR polymorphism with AITD has
also indicated a potential role of vitamin D in the pathogen-
esis of AITD (22–24). Activated vitamin D modulates auto-
immune reactions by regulating T lymphocytes to inhibit
both the production and activity of cytokines (5). Vitamin D
directly regulates T lymphocyte functions by inhibiting the
proliferation of Th1 cells and increasing the number of Th2
cells (8). Vitamin D also suppresses the production of IL-2,
IL-5, IFN-c, and TNF-a, and increases the production of IL-4
and transforming growth factor in Th2 cells (12).

Our current results suggest a possible crosstalk between
vitamin D and estrogen in the development of AITD. The
association of lower vitamin D levels with the higher prev-
alence of AITD was found to be significant only in pre-
menopausal women and not in men or postmenopausal
women. Autoimmune thyroid diseases were more prevalent
in women (25). Women have been reported to have higher
absolute numbers of CD4 + lymphocytes and higher rates of
Th1 cytokine production than men (26). It is also well known
that estrogen stimulates calcitriol accumulation in women
(27–30). Investigation of experimental autoimmune en-
cephalomyelitis (EAE) and MS has indicated that vitamin D
also has more immune-modulatory effects in women than in
men (31,32). These studies indicated that a possible crosstalk
exists between 17-b estradiol (E2) and calcitriol during the
pathogenesis of EAE and MS. Possible mechanisms have
been proposed to explain this phenomenon (32). E2 can
suppress CYP24A1 transcripts that encode the calcitriol-

inactivating enzyme (24-hydroxylase) and also enhance
VDR biosynthesis. E2 induces greater binding and internal-
ization of vitamin D-binding protein (DBP) to self-reactive T
cells and macrophages, which allows calcitriol to accumulate
in immune cells. Although the mechanism underlying the
immune-modulatory effects of calcitriol in the presence
of estrogen remains unclear, the association of vitamin D
deficiency with an increased prevalence of AITD in pre-
menopausal women suggests that supplementation with
vitamin D might offer a therapeutic approach to delay
AITD in younger women. In this study, we included 29 pre-
menopausal women and 128 postmenopausal women, who
had a history of taking oral contraceptives or estrogen ther-
apy. However, there was no difference in our results when we
repeated the analysis after excluding these subjects.

In principle, AITD is a histological diagnosis. The pa-
thology is characterized by lymphocytic infiltration of the
thyroid parenchyma. But the diagnosis can be made by
clinical evaluation, antibody measurement, and US findings.
Most studies that have evaluated the association of vitamin D
and thyroid autoimmunity have used serum TPO-Ab levels as
a marker of thyroid autoimmunity (13,17,18). However, we
have here defined AITD in two ways, in terms of the serum
TPO-Ab levels and thyroid US findings suggestive of thy-
roiditis. In pre-menopausal women, a low serum vitamin D
level was significantly associated with AITD using the two
different definitions. Additionally, we subanalyzed the TPO-
Ab(-) group according to US findings. In 6012 patients with
TPO-Ab(-), 418 patients (7%) had evidence of thyroiditis on
US findings. The vitamin D levels of these subgroup
(22.1 – 0.6 ng/mL) were significantly lower than the ones of
subjects with both negative TPO-Ab and US findings
(25.9 – 0.2 ng/mL, p < 0.001).

In our present study, we used 10–30 ng/mL of serum
25(OH)D3 as the cutoff value to classify the vitamin D status.
The optimal level of vitamin D remains controversial. The
definition of a clinically significant vitamin D deficiency may
vary between different populations, and it is reported that
serum vitamin D levels depend on age, sex, and BMI, and that
they vary on a seasonal basis (13). Some studies have defined
20–30 ng/mL of serum 25(OH)D3 levels as constituting in-
sufficient vitamin D to sustain levels of parathyroid hormone
and bone health (33,34). However, another previous study
defined a 10–30 ng/mL concentration of serum 25(OH)D3 as
constituting vitamin D insufficiency (20). Recently, vitamin
D deficiency became regarded as an important global health
problem owing to its association with increased risk for
metabolic bone diseases, as well as other chronic disease such
as type 2 diabetes mellitus, cardiovascular disease, and can-
cer (35). According to the report of the Korea National Health
and Nutrition Examination Survey (KNHANES), almost
80% of the Korean population had vitamin D levels between
10–30 ng/mL, with 10% of the population having vitamin D
levels lower than 10 ng/mL (19).

Our current study has several limitations. First, we only
evaluated cross-sectional data. A future follow-up of this
cohort could thus provide more information about the pos-
sible role of vitamin D in thyroid autoimmunity. Second,
there is a possibility of selection bias because our subjects
were not selected from a community-based cohort. Third,
seasonal variation could still be a confounding factor in this
study. In Korea, it is known that there are seasonal variations
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in vitamin D levels (19). In our study, the measurements of
the vitamin D levels were not done in a single season.
However, there was no significant difference in the distri-
bution of subjects between the AITD and the control group
according to months or seasons. Fourth, we have used a
definition of AITD without consideration of thyroid function
tests in this study. A further longitudinal study is needed to
evaluate the effect of vitamin D levels on thyroid dysfunction
in our study subjects.

In summary, we found in our present analyses that low
serum vitamin D levels are significantly associated with
AITD, especially in pre-menopausal women. These findings
suggest a possible role of vitamin D in the development of
AITD and a potential crosstalk mechanism between vitamin
D and estrogen in the pathogenesis of AITD. A future lon-
gitudinal cohort study and prospective interventional trials
based on the community population may further clarify the
role of vitamin D in AITD.
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