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The development of thyroid autoimmunity
is potentially associated with the deficiency
of vitamin D3 rather than vitamin D2

in euthyroid men
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Song Leng® and Jing Li""

Abstract

Objective Vitamin D(VitD) deficiency has been found prevalent among patients with thyroid autoimmunity (TA).
This study aimed to investigate whether low VitD2 or VitD3 potentially contributed to the development of TAlin
euthyroid male patients, which had not been reported before.

Methods A total of 2882 euthyroid male petroleum workers were recruited from those participants in the healthcare
program at the second affiliated hospital of Dalian Medical University in 2021, whose serum VitD levels, thyroid
functions, and autoantibody titers were all examined at the same time. Among them, 2587 (89.8%) individuals
received the second health follow-up in 2022. Serum VitD including 25(0H)D2 (VitD2) and 25(0H)D3 (VitD3) levels
were detected by liquid chromatography-tandem mass spectrometry. Thyroid functions and autoantibody titers were
quantified using chemiluminescent immunoassays.

Results The serum levels of VitD and VitD3 were pronouncedly lower in the male euthyroid subjects with TAI (n=195)
than those non-TAl men (n=2687, P<0.05), whereas serum VitD2 was not significantly different based on the data
from the initial investigation in 2021. The prevalence of subjects with TAl among the total male euthyroid subjects
with TAl population was markedly increased with the decreasing levels of serum VitD and VitD3, respectively (P for
trend < 0.05), but not significantly changed with that of serum VitD2. The binary logistic regression analysis revealed
that either the deficiency of VitD (serum VitD <20 ng/mL, VDD) or low VitD3 level was an independent risk factor for
the development of TAl, which had been further demonstrated by the follow-up observation in 2022. Among the
non-TAl men in 2021, 6.52% (n=157) individuals became TAI patients after a one-year follow-up, and their serum VitD
and VitD3 levels both exhibited significantly more reduction as compared with those of the remained non-TAl ones in
2022. More of those with VDD developed TAI than the non-VDD ones did in 2022 (8.5% vs. 5.6%, P<0.05). Additionally,
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the change in serum VitD over the two years was more strongly correlated with serum VitD3 (rs=0.971, P<0.001)
when compared with that of VitD2 (rs=0.085, P<0.001) in the whole euthyroid male population.

Conclusion Based on the cross-sectional and prospective investigations, our findings further indicate that VDD may
be an independent risk factor for TAl development. Moreover, the latter is potentially associated with the deficiency
of VitD3 rather than VitD2 in the euthyroid male population although the related mechanisms await in-depth
exploration. Our findings also suggest that VitD3 supplementation might provide more potential benefits than VitD2

among VDD men in terms of preventing TAl development.

Study registration the Dalian Health Management Cohort (DHMC) ChiCTR2300073363.
Keywords 25(0H)D, 25(0H)D2, 25(0H)D3, Thyroid autoimmunity

Introduction

Thyroid autoimmunity (TAI) is a prevalent condition
resulting from intricate interactions among immune
responses, genetic factors, and environmental influences.
Despite an unclear pathogenesis, TAI is characterized by
the presence of antibodies, notably anti-thyroperoxidase
(TPOAD) and anti-thyroglobulin (TgAb), with a particu-
lar emphasis on the former [1]. According to our recent
investigation of 78,470 participants from 31 provinces in
the mainland, the prevalence of TAI was 14.19% in the
general population [2]. TPOAb and TgAb are involved
in thyroid dysfunction and some extrathyroidal damages
(e.g. nephropathy and premature labor) in TAI patients.
Up to date, there is a lack of effective maneuvers to
decrease the levels of serum TPOAb and TgAb.

Vitamin D (VitD) is a multifunctional steroid hormone,
consisting of two main independent forms—VitD2 (ergo-
calciferol) and VitD3 (cholecalciferol). The former comes
from ergosterol in plants after being exposed to UVB
radiation, while the latter can be produced in the skin of
human beings and animals under UVB radiation. Serum
total 25(OH)D concentrations are reflected by the sum
of circulatory 25(OH) D2 and 25(OH)D3 levels. Thus,
the maintenance of circulatory total VitD levels depends
on not only endogenous synthesis of VitD3 in the skin
but also intake of meat, dairy, and plant food products.
Vegans are susceptible to the deficiency of VitD3 even
though they exhibit sufficient serum total VitD levels.
Serum total 25(OH)D concentrations are well-known to
indicate the nutritional status of VitD. VitD deficiency is
usually considered when they are below 20 ng/ml [3]. It
has been found that VitD can enhance innate immune
functions and inhibit adaptive immune responses besides
its regulatory actions on bone metabolism [4]. Many
autoimmune diseases (e.g. multiple sclerosis, type 1 dia-
betes mellitus) have been found with a close association
with the deficiency of VitD (VDD) [5]. Some cross-sec-
tional investigations and meta-analyses have shown that
the circulatory TPOAb and TgAb are significantly higher
in VDD individuals than in non-VDD ones [6], indicating
the accelerating role of VDD in the development of TAI
[7, 8]. However, it has not been clarified whether VitD2

and VitD3 are equally effective at the immunomodu-
latory functions, on which there is a lack of investiga-
tion, and there is no report on the comparisons of their
impacts on the development of TAI yet. Most of the pub-
lications have reported that they were comparatively effi-
cacious at raising the total 25-hydroxyvitamin D (25(OH)
D) concentrations [9]. However, previous studies have
shown that VitD2 administration was unable to increase
muscle strength whereas VitD3 supplementation was
able to improve it [10]. Although the exact mechanisms
are unknown, the differential binding capacities for
25-hydroxylase and VitD-binding protein and the differ-
ential degradation rates between VitD2 and VitD3 may
lead to their differential effects [9]. Thus, this study aimed
to investigate whether low VitD2 or VitD3 potentially
contributed to the development of TAI in male individu-
als, which comparison analysis had not been performed
before. In addition, TAI has a female predilection which
has been attributed to the impacts of estrogens [11].
There were conflicting reports about the gender differ-
ence in serum VitD concentrations. Previous research
reported significantly lower serum 25(OH)D levels in
women compared to men [12], while the others did not
be found [13-15]. To exclude the confounding role of
estrogens, this study enrolled only male subjects for
the investigation. Its findings would help to understand
which form of VitD (VitD2 or VitD3) may be effective
when administered to TAI patients in terms of reducing
their serum thyroid autoantibody levels.

Methods

Study design and participants

A total of 2882 euthyroid male petroleum workers, aged
20-60 years, were recruited from those participants in
the healthcare program at the Second Hospital of Dalian
Medical University in 2021, whose serum VitD levels,
thyroid functions, and autoantibody titers were all exam-
ined at the same time. Among them, 2587 (89.8%) indi-
viduals received the second health follow-up in 2022
(Fig. 1). All enrolled subjects in this study fulfilled the
following criteria: no clinical histories of other autoim-
mune diseases, malignant tumors, chronic kidney/liver
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Total participants recruited from
healthcare program (n=13365)

Exclusion:

Female

Absence the detection of serum VitD levels, thyroid functions,
and autoantibody titers

Clinical histories of other autoimmune diseases

Malignant tumors, chronic kidney/liver disorders, and
thyroidectomy

medication intake including thyroid hormones, anti-thyroid drugs,
VitD, calcium supplements, and those interfering VitD metabolism

2882 subjects after exclusion in 2021

L

Fig. 1 Flowchart of participants recruitment in this study

disorders, and thyroidectomy, and no recent medica-
tion intake including thyroid hormones, anti-thyroid
drugs, VitD, calcium supplements, and those interfer-
ing VitD metabolism (e.g. thiazides, antiepileptic drugs,
and glucocorticoids) in the last 3 months. The study was
approved by the ethics committee at the Second Hospital
of Dalian Medical University (No. 2022090). The written
informed consent was acquired from all the participants.

The medical data were simultaneously recorded and
input into the His system at the Second Hospital of
Dalian Medical University when the subjects were given
the examinations. We collected the medical records
of those subjects meeting the criteria listed above and
established the final data for this study.

Laboratory analysis

In all subjects, their serum thyroid-stimulating hormone
(TSH), free thyroxine (FT4), free triiodothyronine (FT3),
TPOAD, and TgAb were determined using chemilumi-
nescent enzyme immunoassays (Siemens, CENTAUR
XP). Serum VitD2 [25(OH)D2] and VitD3 [25(OH)D3]
levels were quantified by liquid chromatography-tan-
dem mass spectrometry (LC/MS/MS, AB SCIEX Triple
QuadTM 4500MD) after at least 8-hour fasting. Serum
total VitD [25(OH)D] was calculated by serum VitD2
[25(OH)D2] plus VitD3 [25(OH)D3] levels.

TAI was defined as serum positivity of TPOAb and/or
TgAb. According to the guidelines from the Endocrine
Society [3], the subjects were divided into VitD suffi-
ciency (VDS, serum total VitD=30ng/ml), insufficiency

non-TAl in 2021 TAl in 2021
(n=2687) (n=195)
278 subjects lost 17 subjects lost
non-TAl in 2021 2587 subjects TAl in 2021
(n=2409) receive the follow-up in 2022 (n=178)
persistent non-TAI new TAIl persistent TAI new non-TAI
in 2022 (n=2252) in 2022 (n=157) in 2022 (n=170) in 2022 (n=8)

(VDI, serum total VitD 20-30ng/ml), and deficiency
(VDD, serum total VitD<20ng/ml) groups. Since there
were no recognized criteria for either VitD2 or VitD3
insufficiency/deficiency, the subjects were further clas-
sified based on tertiles of serum 25(OH)D2 and 25(OH)
D3 levels: low VitD2 level group (D2L, bottom tercile,
serum VitD2<0.48 ng/mL), medium VitD2 level group
(D2M, middle tercile, serum VitD2 0.48-0.95 ng/mL)
and high VitD2 level group (D2H, top tercile, serum
VitD2 > 0.95ng/mL); low VitD3 level group (D3L, bottom
tercile, serum VitD3 <19.25ng/mL), medium VitD3 level
group (D3M, middle tercile, serum VitD3 19.25-26.31ng/
mL) and high VitD3 level group (D3H, top tercile, serum
VitD3>26.31ng/mL).

The inter- and intra-assay coefficients of variation
for serum TSH, FT4, FT3, TPOAb, TgAb, VitD2, and
VitD3 measurements were (2.35%,2.85%); (4.00%,3.33%);
(4.05%, 3.08%); (3.40%, 6.80%); (2.60%, 2.50%); (5.17%,
5.17%); (5.17%, 5.17%), respectively.

Statistical methods

T-tests and Mann-Whitney U tests were used to compare
the normally distributed and skewed-distributed data
between the two groups, respectively. One-way ANOVA
and Kruskal-Wallis followed by Bonferroni post hoc test
were used for multiple comparisons. The categorical vari-
ables were analyzed using the Chi-square test. Binary
logistic regression was used to analyze the independent
risk factors of TAIL Data analysis was conducted using
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IBM SPSS version 26. Statistical significance was consid-
ered if P<0.05.

Results

Clinical characteristics of the subjects at the baseline

This study included 2882 euthyroid male participants,
with an average age of 45 years and an average body mass
index (BMI) of 25.8 kg/m?® Among them, 6.7% (1 =195)
suffered from TAI (serum TPOAb and/or TgAb posi-
tive). The incidence of new cases in the second year is
6.5%(n=157)among 2409 non-TAI subjects in the first
year. The baseline characteristics of the subjects with
and without TAI are both shown in Table 1. The patients
with TAI exhibited significantly higher age and serum
TPOAD, TgAb, and TSH levels than the non-TAI sub-
jects. Although there was a statistically but not clinically
significant decrease in serum FT3 level in TAI patients in
comparison to that of non-TAI participants, their serum
FT4 levels were not markedly different (Table 1).

Serum VitD levels of the subjects

We compared serum 25(OH)D, 25(0OH)D2, and 25(OH)
D3 levels between the TAI patients (TPOAb and/or TgAb
positive) and the non-TAI subjects. The levels of serum
25(0OH)D and 25(OH)D3 were pronouncedly lower in
the euthyroid male TAI patients than the non-TAI men.
There was a significantly increased proportion of VitD
deficiency in the former as compared with that of the
latter (P<0.05). However, there was no significant differ-
ence in serum 25(OH)D2 levels between them (Table 1).
In addition, although serum total VitD levels were posi-
tively correlated with both serum 25(OH)D2 and 25(OH)
D3 concentrations, a strong correlation was observed
with 25(OH)D3 (rs=0.991, P<0.001) whereas weak with
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25(OH)D2 (rs=0.081, P<0.001) concentrations in the
euthyroid male subjects.

The associations of serum VitD levels with the
development of TAI
Based on the serum total VitD levels which were the sum
of serum concentrations of 25(OH)D2 and 25(OH)D3,
those euthyroid male subjects were divided into VDS,
VDI, and VDD groups. As shown in Table 2, the preva-
lence of TAI was 5.4% in the VDS euthyroid males, 6.0%
in the VDI ones, and 8.7% in the VDD group, respec-
tively. The prevalence of TAI increased with decreasing
serum total VitD levels in the euthyroid male subjects
(P for trend <0.05). Subgroup analyses were further per-
formed after being classified by serum VitD2 and VitD3
levels, respectively. The alteration trend in the prevalence
of TAI was statistically significant for three groups with
different serum 25(OH)D3 levels which was similar to
those findings for total VitD, but not for those groups
with different serum 25(OH)D2 concentrations (Table 2).
Given the findings of lower serum 25(OH)D and
25(OH)D3 levels in euthyroid male TAI patients, their
independent associations were further evaluated using a
binary logistic regression model. Odds ratios (ORs) were
calculated after adjusting for age, body mass index (BMI),
and serum TSH levels. VDD was an independent risk fac-
tor for the development of TAI and the positive expres-
sion of TPOAb and TgAb in euthyroid male subjects
[OR 1.611 (CL 1.065-2.436); P=0.04], while VDI was
not. Furthermore, the month was added to the logistic
regression analysis as a factor to exclude the interruption
of the blooding season and the results remained consis-
tent. Furthermore, as compared to those with high serum
VitD3 level (top tercile), the euthyroid male subjects with

Table 1 Baseline characteristics and serum VitD nutritional status of all the euthyroid male subjects classified by TAl mobility

non-TAl(n=2687) TAI(n=195) P-value
Age, median (IQR), years 47(36-52) 49(41-53) 0.023
BMI, median (IQR), kg/m2 25.6(23.5-28.0) 25.7(24.0-28.1) 0.136
TSH, mean +SD, mIU/L 1.55+£0.72 1.90+£0.96 <0.001
FT4, mean +SD, pmol/I 16.48+1.86 16.50+£1.98 0.881
FT3, mean +SD, pmol/I 537+043 527+044 0.001
TgAb, median (IQR), U/ml 15.00 (15.00-15.00) 80.98(23.56-187.86) <0.001
TPOAb, median (IQR), U/ml 28.00(28.00-31.67) 272.97(66.81-1300.00) <0.001
Total VitD, median (IQR), ng/ml 23.90(18.46-29.33) 22.13(17.15-27.33) 0.005
VDD, n (%) 32(860/2687) 42.1(82/195) <0.05
VDI, n (%) 45.4(1219/2687) 40(78/195) NS
VDS, n (%) 22.6(608/2687) 17.9(35/195) NS
VitD3, median (IQR), ng/ml 22.80(17.54-28.39) 20.88(16.31-26.77) 0.006
VitD2, median (IQR), ng/ml 0.68(0.4-1.17) 0.66(0.4-1.33) 0.987

The differences were compared between the patients with TAl and those without TAl by Mann-Whitney U Test, t-test, and Chi-square tests followed by Bonferroni
when appropriate. TAl refers to the positive expression of either TPOAb or TgAb in the serum; non-TAl refers to those without TAI. Serum total VitD, VitD2, and VitD3
were reflected by serum total 25(OH)D, 25(0H)D2, and 25(0H)D3 concentration, respectively, which were determined by liquid chromatography-tandem mass
spectrometry. Serum FT3, FT4, TSH, TgAb, and TPOAb were measured by chemiluminescent enzyme immunoassays. NS, non-significant. BMI, Body Mass Index;
TSH, thyroid-stimulating; FT4, free thyroxin; FT3, free triiodothyronine; TgAb, anti-thyroglobulin autoantibody; TPOAb, anti-thyroid peroxidase autoantibody; VDD,
vitamin D deficiency; VDI, vitamin D insufficiency; VDS, vitamin D sufficiency; IQR, interquartile range; SD, standard deviation
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Table 3 The independent association between the nutritional status of VitD and the risk for TAl development using logistic regression

analyses
VitD status TAIl TPOADb positivity TgAb positivity
OR (95% Cl) Pvalue OR (95% Cl) P value OR (95% Cl) Pvalue

Total VitD

VDS 1 1 1

VDI 1.183(0.776-1.805) 0435 1.479(0.893-2.449) 0.129 1.298 (0.757-2.226) 0.343

VDD 1.742 (1.097-2.767) 0.019 2.338(1.351-4.047) 0.002 1.860(1.038-3.332) 0.037
VitD3

D3H 1 1 1

D3M 1.095 (0.737-1.626) 0.653 1.294(0.820-2.042) 0.269 1.164(0.711-1.908) 0.546

D3L 1.565(1.037-2.362) 0.033 1.826(1.130-2.949) 0014 1.650(0.991-2.745) 0.054
VitD2

D2H 1 1 1

D2M 0.702(0.484-1.019) 0.063 0.909(0.599-1.379) 0.652 0.788(0.504-1.234) 0.299

D2L 1.064(0.751-1.506) 0.727 1.154(0.767-1.736) 0.492 1.002(0.649-1.545) 0.993

A binary logistic regression model was used to evaluate the odds ratios (ORs) for the development of TAl and positive expressions of TPOAb and TgAb in the
euthyroid male subjects (total =2882) under different nutritional status of VitD after adjusting for age, BMI, month and TSH. All the abbreviations were as described

in Tables 1 and 2

the follow-up (Fig. 3. A-C). However, among TAI sub-
jects, the changes in vitamin D levels show no correlation
with changes in FT3 (rs=0.00, P=0.98), FT4 (rs=-0.13,
P=0.11), or TSH (rs=-0.01, P=0.88) among individuals
with elevated vitamin D levels. The changes in vitamin D
levels also show no correlation with changes in FT3 (rs=-
0.03, P=0.71), FT4 (rs=0.01, P=0.88), or TSH (rs=-0.03,
P=0.71) among individuals with decreased vitamin D
levels.

Discussion

Thyroid autoimmunity (TAI) is a common ill condi-
tion caused by the complex interactions of immune
responses, genetic, existential factors (e.g. estrogens, par-
ity, microbiota), and environmental factors (e.g. selenium
and iodine), which is defined by the positive expressions
of TPOAb and/or TgAb, especially the former [1]. TAI
may not only lead to thyroid dysfunction but also cause
a few extrathyroidal damages. However, there are still no
effective means to cure TAIL VitD is crucial for calcium
regulation, bone health [16], and even autoimmune dis-
orders prevention [17], especially in autoimmune thy-
roid diseases (AITDs) [18]. It is well known that VitD
regulates the function of adaptive and innate immune
cells [19] by binding with Vitamin D receptors (VDR)
[20], weakens antigen presentation by dendritic cells,
prevents T-cell activation dependent on dendritic cells
(DCs), promotes monocyte differentiation, enhances
phagocytosis and chemotaxis in macrophages, down-
regulates HLA class II gene expression in the thyroid,
shifts the balance of Th1/Th2 cell responses towards Th2,
restores the Th17/Tregs ratio [21, 22]. The correlation
between TAI and VitD remains controversial until now.
Although researchers have not found a clear relationship
between 25(OH)D levels and antithyroid antibodies [23],

even a negative association between them [24], numer-
ous studies have suggested that VitD deficiency is com-
mon in thyroid autoimmunity (TAI) [25, 26], and even
increases the risk of AITD [27-29]. Previous studies
have indicated that no significant difference was found
between women and men [13], recent study has shown
that females exhibit lower serum VitD levels compared
to men [12], a phenomenon attributed to the impacts of
estrogens [11]. Due to the majority of the individuals in
the Health Management Center being male, this study
enrolls only male subjects to investigate the association
between VitD and TAI in adult males. In addition, it was
still unknown which deficiency of either VitD3 or VitD2
was predominant in TAI patients when compared with
that of individuals without TAL In response to the above
questions, VitD2 and VitD3 are similarly detected in our
study to observe which is essential for TAL Our study
ultimately concludes that male subjects with TAI display
markedly reduced serum VitD3 levels, instead of VitD2,
when compared to subjects without it (Table 1). The
prevalence of TAI in males increases with the decline of
VitD3 levels, rather than VitD2 (Table 2). Additionally, a
low VitD3 level, rather than VitD2, is also associated with
an increased risk of TAI in male patients (Table 3). These
findings suggest that it is VitD3, instead of VitD2, that is
essential in thyroid autoimmunity modulation.

VitD3 (cholecalciferol) and VitD2 (ergocalciferol)
obtained through sunlight exposure and certain foods,
respectively, are two main forms of VitD [30]. The
endogenous synthesis of VitD2 and VitD3 undergo the
same two-step hydroxylation process, hydroxylation
in the liver yields calcifediol[25(OH)D2 and 25(OH)
D3] [31]. Further hydroxylation in the kidneys produces
the active form, calcitriol (1,25(OH)2D) [32]. The final
metabolite, 1,25-dihydroxy VitD3 (calcitriol), acts as
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Table 4 The alteration of serum VitD levels in those euthyroid male subjects during the follow-up classified by TAl mobility

Initial TAI

Initial non-TAI

Serum VitD levels

becoming non-TAl during follow-up

(n=8)

Persistent TAl

(n

becoming TAl during follow-up

(n

Persistent non-TAl

(n

Total VitD (median (IQR), ng/ml)

=170)

157)

2252)

21.74(19.37-32.32)
23.70(20.00-33.03)

22.64(17.03-28.52) 2258(17.44-27.81)"
23.51(18.13-28.96)

24.06(18.73-29.49)
23.44(1832-29.41)

Baseline

21.81(16.57-27.48) "
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375
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16.5

80.0

17.2

79.0
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Follow-up

*

Among the initial 2882 euthyroid male subjects, 2587 were followed up for 1 year. Mann-Whitney U Test test was used to analysis the alteration of serum VitD levels in the male subject. 'P<0.05 as compared with that of
persistent non-TAl male subjects. TAl refers to the presence of either TgAb or TPOAb in the serum. Non-TAl refers to those without TAI. Serum total VitD, VitD2, and VitD3 were determined as described in Table 1
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a high-affinity ligand for the vitamin D receptor (VDR)
[33] forming complexes that translocate to the nucleus
and stimulating the transcription of target genes [34],
regulating genes and functions, influencing calcium and
phosphate metabolism [35]. Although their chemical
structures are similar, VitD3, with an additional double
bond and methyl group, is believed to be the preferred
substrate in the VitD metabolic pathway. Structural dif-
ferences influence the rate of VitD hydroxylation in the
liver, where VitD3 is considered the favored substrate for
hepatic 25-hydroxylase [36]. Although calcifediol is the
predominant circulating form, it exhibits minimal hor-
monal activity [37]. Compared with VitD2, VitD3 has a
higher binding affinity to the VitD-binding protein [38]
and a lower degradation rate due to an additional step
[39]. VitD2 is the preferred choice in emergencies and
hepatic insufficiency, ensuring rapid elevation of serum
levels. Conversely, VitD3 plays a critical role in regulating
serum calcium levels, especially in hypoparathyroidism
and severe renal failure [40].

Although some studies indicate that supplementation
of VitD3 did not decrease [41] or even increase thyroid
autoantibody titer levels [42], which may be attributed
to their initially low antibody levels, most studies show a
significant decrease in antithyroid antibodies after VitD
supplementation [27, 28, 43-45], and down-regulation
genes expression, which encoding pathways of the innate
and adaptive immune systems, potentially shifting the
immune system to a more tolerogenic status [46]. An
observational cohort study revealed that, after match-
ing the 78 controls based on factors that affect 25(OH)
D status, 78 euthyroid female subjects with a genetic
predisposition for AITD but no expression of thyroid
autoantibodies, exhibited higher baseline VitD levels.
Moreover, there was no significant difference in VitD
levels was observed between 67 individuals who devel-
oped de novo TPOAD and those 67 who did not, both
at baseline and the time of seroconversion in the longi-
tudinal study [47], suggesting that the impact of vitamin
D on AITD does not exceed the influence of genetic
factors. However, our study is a large-sample observa-
tional cohort study with a one-year follow-up, and long-
term follow-up will be continued, which is only focusing
on males. In addition, VitD2 and VitD3 are similarly
detected in our study to observe the correlation between
the alteration of VitD (VitD2, VitD3) and antithyroid
autoantibodies.

Although VitD2 and VitD3 are highly similar in structure,
VitD2 is metabolized more rapidly. So VitD3 is primarily
responsible for increasing and maintaining stable VitD lev-
els [9]. Results from intervention studies indicate that VitD3
supplementation down-regulates the expression of genes
encoding innate and adaptive immune response pathways
and the proportion of Th17/Treg cells, induces immune
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percentage(%)

non-VDD
(n=1659)
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VDD
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Fig. 2 The percentage of newly diagnosed TAI patients during the follow-up of those euthyroid male subjects initially without TAl. Among the initial
2882 euthyroid male subjects, 2587 were followed up for 1 year, among which 2409 were initially found without TAI at the baseline. The differences were
compared between the subjects with different nutritional status of VitD at the baseline by Chi-square tests. TAl refers to the presence of either TgAb or
TPOAD in the serum. VDD referred to VitD deficiency (serum total VitD < 20ng/ml) at the baseline before the follow-up; non-VDD (serum total VitD > 20ng/
ml) referred to VitD sufficiency and insufficiency at the baseline before the follow-up

tolerance [48], and further reduces the incidence of autoim-
mune diseases [49]. Considering the differences between
VitD2 and VitD3, previous studies have shown that VitD3,
rather than VitD2, supplementation was able to increase
muscle strength [10], whereas, no study has been made to
compare the difference in regulating thyroid autoimmu-
nity between VitD2 and VitD3, which is the purpose of this
study. In the prospective research, we found that the pro-
portion of subjects with VitD deficiency at the baseline who
developing TAI from non-TAI is higher than those whose
VitD is non-deficiency at the baseline (Fig. 2.), indicating
that individuals with VitD deficiency should supplement
with vitamin D to prevent developing into TAI. Compared
with subjects who had persistent non-TAI, patients who
developed into TAI show lower VitD (VitD3, not VitD2) lev-
els (Table 4). There is also shown a strong and positive cor-
relation between the changes in serum total VitD and serum
VitD3 concentrations, whereas only weakly correlated with
VitD2, which further indicates that if supplementation
with vitamin D is needed, D3 should be chosen over D2

because changes in VitD levels are mainly related to VitD3.
Although, among patients with TAI the increase of VitD
(VitD3, not VitD2) levels in the follow-up does not appear to
reverse the occurrence of TAI due to only a one-year follow-
up period (Table 4), an increase in VitD from deficient to
non-deficient status could delay TAI progression (Fig. 3. D).
Based on the Spearman correlation analysis, which indicates
an inverse correlation between the change in TPO-Ab titer
and VitD3 (rather than VitD2) levels in the second year, we
can readily conclude that the increase in VitD3, rather than
VitD2, is responsible for slowing down the rise in TPO-Ab
antibody titers. (Fig. 3. A-C), The above results suggest the
significance of VitD3 in increasing VitD levels and regulat-
ing thyroid autoimmunity. It is worth noting that infectious
disease can trigger AITD [50]. The outbreak of COVID-19,
infecting millions of people, has also been reported in asso-
ciation with AITD recently [51-53]. Perhaps this is the rea-
son why participants in our study developed into TAI within
only one year.
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Fig. 3 Prospective observation of the relative alteration magnitudes of serum total VitD, VitD3, VitD2, TPOAb, and TgAb levels in all the male patients with
TAI (n=335). Among the initial 2882 euthyroid male subjects, 335 TAI male patients were followed up for 1 year. The relative alteration (alter.) magnitudes
(mag.) in serum VitD levels and thyroid autoantibody titers were calculated based on the following equation: the relative alter. mag. = (the level during
follow-up—the baseline)/the baseline*100%. Mann-Whitney U Test was used to compare the alteration of serum VitD levels and thyroid autoantibody
titers after follow-up with those of persistent VDD. Among the 335 TAI male subjects, 36 patients had persistent VDD, 73 patients had persistent non-VDD
after increasing during the follow-up, 36 patients had persistent VDD, 86 showed persistent non-VDD after decreasing during the follow-up, 57 from
VDD at the baseline became non-VDD during the follow-up, 47 from non-VDD at the baseline became VDD during the follow-up. VDD referred to VitD
deficiency (serum total VitD < 20ng/ml) and non-VDD referred to VitD sufficiency and insufficiency (serum total VitD > 20ng/ml). Serum total VitD, VitD2,
and VitD3 were determined as described in Table 1

Autoimmune thyroid disease (AITD) is characterized by  is attributable to genetic factors [58], leaving the remain-
an autoimmune response to thyroid antigens, necessitat-  ing 20% to environmental influences [59]. Moreover, AITD
ing a specific genetic predisposition and triggered by envi-  may be triggered by infectious disease [50]. Notably, cases
ronmental exposures [54]. Similar to other autoimmune of AITD, encompassing both GD and HT, were associated
disorders, AITD exhibits a higher prevalence in females  with SARS-CoV-2 infection.

[55, 56]. The breakdown of self-tolerance to thyroid anti- Numerous studies indicated that the optimal concentra-
gens (thyroid peroxidase (TPO), thyroglobulin (Tg), and tion range for 25(OH)D is 30-50ng/mL (75-125nmol/L),
the thyroid-stimulating hormone receptor (TSH-R)) serves ~ which is close to the Km of la-hydroxylase [60]. Tissues
as the primary driver of thyroid autoimmunity [57]. Twin  exhibit diverse 25(OH)D concentration thresholds. The
studies suggest that more than 75% of the risk for develop- minimum effective concentration varies between  tis-
ing Graves’ disease (GD) and Hashimoto’s thyroiditis (HT)  sues, and skeletal diseases with a lower minimum effective
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concentration than non-skeletal diseases [61]. Until now,
no gold standard exists for optimal 25(OH)D concentra-
tions in patients with thyroid autoimmunity. Previous stud-
ies have indicated that after increasing 25(OH)D levels from
<75 nmol/l to 275 nmol/l (30ng/ml), the anti-TPO-Ab level
showed a significant decrease of 25% among patients with
thyroid immunity [7]. However, based on the above results
of our study, we conclude that VitD deficiency (<20ng/ml) is
the risk factor of TAI, and is more likely to develop into TAI
after a one-year follow-up. After elevating 25(OH)D levels
from <20ng/ml to >20ng/ml, the progression of TAI can be
delayed, suggesting that TAI patients should at least main-
tain VitD levels >20ng/ml.

Our observational study mainly focused on the relation-
ship between serum vitamin D level and the TAIL while the
VITAL trial was an intervention study, and observed the
effect of vitamin D supplementation on the prevention of
AITD. Although no effect was found of VitD supplementa-
tion on preventing the AITD occurrence, it does not con-
flict with our study. Because the effect of VitD depends on
not only the serum VitD level but also the sensitivity and
genetic polymorphism of VDR [62]. The previous study
found that the serum PDIA3Ab level was significantly
increased in euthyroid TAI women [63], which might also
interfere with the effect of VitD on reducing AIT occur-
rence, due to PDIA3 is the membrane-associated receptor
of 1,25-Dihydroxyvitamin D3 [64]. Numerous studies have
confirmed that vitamin D deficiency is a risk factor for the
occurrence of autoimmune thyroiditis (AIT) [27-29], which
is also validated by the results of our present study. In addi-
tion, our study has also revealed the relationship between
the occurrence of TAI with VitD2, and VitD3, which has not
been reported previously.

There are some limitations in our study. Due to the
majority of the individuals in the Health Management
Center being male, this study enrolls only male subjects to
investigate the association between VitD and TAI in adult
males. Some studies have analyzed the seasonal variation of
25(OH)D concentrations [65, 66]. However, subjects in our
study could not examine the serum VitD concentrations in
the same season due to the healthcare program. Although
there is an assumed association between VitD and autoim-
mune thyroid disease, the different function of VitD2 and
VitD3 supplements remains unclear. Further studies are
crucial to establish the association between VitD (VitD2
and VitD3) supplements and autoimmune thyroid disease
(TAI). We acknowledged that some other reported fac-
tors (e.g. omega-3 fatty acids [67]) potentially affecting AIT
development were not referred to in the present study. And
their potential interactions with VitD in the occurrence of
AIT had not been explored, which was a limitation of our
study. Modest changes in VitD2 and VitD3 were found in
our study. Among them, only the modest change of VitD3
is associated with the changes of TPOADb, but not VitD2,
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indicating that AITD might benefit more from VitD3. VitD2
is mainly from the diet, and it is relatively fixed in the same
area, which may be one of the reasons that no great change
was found in VitD2. It cannot exclude if the large changes in
VitD2 could reduce thyroid autoimmune antibodies, which
is another limitation of our study.

Conclusion

To conclude, our findings further demonstrate that VitD
deficiency (<20ng/ml) may be an independent risk factor for
TAI development. Moreover, the latter is potentially associ-
ated with the deficiency of VitD3 rather than VitD2 in the
male population, which suggests the potentially beneficial
effects of VitD3 than VitD2 supplementation to VDD men
in terms of preventing the development of TAIL Further
Prospective clinical studies with long-term follow-up and
experimental studies are required to understand the mecha-
nisms of VitD2 and VitD3 supplementation on the patho-
genesis of TAL
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