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25-Hydroxyvitamin D serum level in Hashimoto’s thyroiditis,
but not Graves’ disease is relatively deficient
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Abstract. Vitamin D is a modulator of both the innate and adaptive immune system. As vitamin D deficiency was a risk
factor for some autoimmune diseases, we aimed to evaluate the serum vitamin D levels in autoimmune thyroid diseases
(AITD) including Graves’ disease (GD) and Hashimoto’s thyroiditis (HT) and investigated the association between serum
vitamin D levels and AITD. 175 AITD patients including 51 GD, 61 euthyroid HT (mild HT), 63 euthyroid HT patients
with hypothyroidism receiving hormone therapy (treated HT) were recruited from the outpatient department. 51 controls
were from the physical checkup center of the hospital. 25-Hydroxyvitamin D levels, thyroid function, antithyroid
antibodies, 1L-4, IL-17, and TNF-0 were determined. Compared with the controls, treated and mild HT patients had
significantly lower 25(OH)D levels (45.7743.48 vs. 83.49+6.24 nmol/L, p<0.001) and (55.25+3.88 vs. 83.49+6.24 nmol/L,
»<0.001), respectively. However, GD patients had similar 25(OH)D levels (81.77£5.60 vs. 83.49+£6.24 nmol/L, p=0.808).
Compared to 24.1% controls with prevalent vitamin D deficiency, mild HT and treated HT patients were significantly
different (55.4%, p<0.001) and (70.3%, p<0.001), respectively; no difference was seen in the GD patients (22.9%,
p=0.797). Serum 25(OH)D levels were not associated with thyroid function, antithyroid antibodies, and serum cytokines
IL-4,1L-17, and TNF-a in patients with AITD. We observed relatively low vitamin D level in mild and treated HT patients,
while GD patients had similar 25(OH)D levels to those of healthy individuals. Further studies are imperative to explore
the complex etiology of vitamin D deficiency in AITD.
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VITAMIN D is a fat-soluble vitamin that belongs to the
steroid compounds and can be ingested from the food
intake. It may also be heterogeneously synthesized by
7-dehydrogenation of the skin cholesterol upon UVB
irradiation (290-320 nm) and consumed for further bio-
logical activities [1]. Vitamin D is not only a major reg-
ulator of calcium, phosphorus, and bone metabolism
but also regulates cell growth and differentiation [2].
Epidemiological data suggest that vitamin D deficiency
may be a risk factor associated with the development of
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autoimmune diseases, such as multiple sclerosis, rheu-
matoid arthritis, and type 1 diabetes [3-5]. Recent stud-
ies indicate that 1,25-(OH),Ds, the biologically active
form of vitamin D, is a modulator of both the innate and
adaptive immune system. Immune cells such as mono-
cytes, macrophages, dendritic cells, T-lymphocytes,
and B-lymphocytes are targets for the active vitamin
D. It has been speculated that vitamin D plays a major
role in the regulation of T helper cell differentiation as
well as the secretion of TNF-a, IL-4, and IL-17 [6-8].
Activated vitamin D regulates T lymphocyte functions
by inhibiting the proliferation of Th1 cells and increas-
ing the number of Th2 cells [9]. Vitamin D can sup-
press Th17 transcription via VDR [10]. 1,25(0OH),D;
analog Elocalcitol could inhibit Th17 cytokines from
secreting 1L-17 [11]. However, all these conclusions
were obtained from in vitro cell experiments.
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Autoimmune thyroid diseases (AITD) includ-
ing Graves’ disease (GD) and Hashimoto’s thyroid-
itis (HT) are the most common organ-specific auto-
immune disorders [12], which are characterized by
lymphocytic and cytokines infiltration of the thyroid
parenchyma. Cytokines play a crucial role in modulat-
ing immune responses that affect the balance between
maintenance of selftolerance and initiation of autoim-
munity. In our very recent studies, we found IL-4 was
infiltrated in the thyroid tissue of experimental auto-
immune Graves’ disease (EAGD) mice. IL-4 acted in
an autocrine manner to activate p-STAT6 signal and
stimulate unrestricted cell growth, thus aggravating
GD [13]. Wang et al. found direct injection of TNF-a
into the thyroids of mTg-primed mice can induce thy-
rocyte apoptosis, indicating that pro-inflammatory
TNF-a may play a critical role in thyroid destruction
[14]. Horie I et al. disclosed Th17 cells are critical for
the pathogenesis of spontaneous autoimmune thyroid-
itis while Th17 cells were also shown to induce GD in
NOD-H2(h4), but not in BALB/c mice, thus showing
that the effect of [IL-17 may also differ with the genetic
background [15, 16].

Recently, some studies have focused on the involve-
ment of vitamin D in AITD [17-19]. However a few
research dedicated to compare the Vitamin D level
between GD and HT, and there is few report related
to the Vitamin D level in euthyroid HT patients with
hypothyroidism receiving hormone therapy. Therefore,
the present study aimed to evaluate the serum vitamin
D levels in GD and HT with normal thyroid function
(mild HT) or hypothyroidism (treated HT) as com-
pared to normal people. We also analyzed the cor-
relation between vitamin D levels with thyroid func-
tion and thyroid autoantibodies in AITD patients.
Consecutively, peripheral blood cytokines levels of
TNF-a, IL-4, and IL-17 were also assessed. The cor-
relation of peripheral vitamin D with these cytokines
was analyzed further to investigate the involvement of
vitamin D in the occurrence and development of AITD.

Materials and Methods

Study population

A total of 175 cases including 51 patients with
newly diagnosed Graves’ disease (GD), 61 patients
with newly diagnosed Hashimoto’s thyroiditis (mild
HT), and 63 euthyroid HT patients with hypothyroid-
ism that received thyroid hormone therapy (treated

HT) were recruited from the Endocrinology outpa-
tient department of the Fifth People’s Hospital of
Fudan University, China, between November 2015 to
January 2016. GD was diagnosed by the presence of
overt hyperthyroidism, diffuse goiter or normal thy-
roid volume on B ultrasonography, and high '3'I thy-
roid perturbation rate. Mild HT was diagnosed by the
presence of diffuse goiter thyroid volume on B ultraso-
nography, and a high titer of TPOAb (>34 IU/mL) and/
or TGADb (>115 IU/mL). On the other hand, treated
HT was diagnosed by overt clinical hypothyroidism,
TSH concentration above 10.0 mlIU/L irrespective
of the level of FT3 and FT4 (TSH > 100 mIU/mL, 4
female / 2 male; 10 mIU/mL < TSH < 100 mIU/mL,
31 female / 26 male), along with a high titer of TPOADb
and/or TGAD, and the thyroid function returned to nor-
mal after more than six months of treatment with levo-
thyroxine sodium. 51 control subjects normalized for
parameters such as sex, age, and smoking status and
with normal thyroid function, including TPOAb and
TGADb, were recruited from the physical checkup cen-
ter of the hospital. They were self-proclaimed good
health, no family or personal history of thyroid disease.
The exclusion criteria included a history of other auto-
immune diseases, pregnancy during the study period,
or any medication history that involved administration
of immunosuppressive agents, calcium or vitamin D
supplements, 3 months before blood sampling.

All procedures performed in studies involving
human participants were in accordance with the ethical
standards of the institutional and/or national research
committee and with the Helsinki declaration. The
study protocols were approved by the Medical Ethics
Committee of the Fifth People’s Hospital of Shanghai,
Fudan University (NO. 002). Informed consent was
obtained from all individual participants included in
the study.

Blood sampling

All the venous blood samples were collected in the
morning (0700—0900 h) after an overnight fast of >8h
from November 2015 to January 2016. The blood
samples were centrifuged to obtain serum, which was
sent to the clinical laboratory for testing or storage in a
serum bank at -80°C until analysis.

Thyroid function test and antithyroid antibodies
The levels of free triiodothyronine (FT3) (reference

range, 3.1-6.8 pmol/L), free thyroxine (FT4) (reference
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range,12-22 pmol/L), TSH (reference range, 0.27-4.2
mlU/L), TPOAD (cut off level, 34 IU/mL), and TGAb
(cut off level, 115 IU/mL) were determined in all the
subjects on the same day of sampling, utilizing a com-
mercial euglobulin clot lysis assay (ECLA) kit (ROCHE
Diagnostics, cobas 601, Germany). Intra-assay coeffi-
cients of variation (CVs) for the above measurements
were 1.9, 2.3, 4.2, 3.5, and 4.8%, respectively.

Cytokines level in serum

Human IL-4, IL-17, and TNF-a, using a sandwich
Enzyme-linked Immunosorbent Assay (ELISA) kit
(LEGEND MAX ™ kits, Biolegend Inc.), were quanti-
fied accurately. The kit was analytically pre-validated
with ready-to-use reagents.

Evaluation of vitamin D status

Serum 25(OH)D levels were used to evaluate the
vitamin D status. All sera from the case-control stud-
ies were measured for 25(OH)D levels by ECLA. The
intra-assay coefficient of variation of the commercial
kit was <8.8%. The inter-assay coefficient of varia-
tion was <8.5%. The Endocrine Society guidelines,
defined the 25(OH)D status as vitamin D deficient if
<50 nmol/L, insufficient when ranging over 50-75
nmol/L, and sufficient when >75 nmol/L [20].

Statistical analysis

Statistical analysis was performed using the SPSS
software (version 17.0; Chicago, IL). Data are pre-
sented as mean + standard deviation or median with

Table 1 Clinical characteristics of subjects

25" and 75" percentiles. Student’s ¢-test and ANOVA
were used for continuous variables. Non-Gaussian
parameters underwent log-transformation to the nor-
mal distribution before comparison or were directly
compared with Mann-Whitney U test and Wilcoxon
signed-rank test. The chi-square and Fisher’s exact
test were used for categorical variables. The Spearman
correlation analysis was employed to establish the rela-
tionship between serum 25(OH)D and various factors,
e.g. controlled age and BMI factor. p<0.05 was statis-
tically significant.

Results

The clinical and laboratory characteristics of the
226 subjects (96 males and 130 females) are shown in
Table 1. There were no significant age and sex differ-
ences between GD patients, mild HT patients, treated
HT patients, and controls. GD patients demonstrated
increased thyroid hormones and decreased TSH levels,
whereas mild and treated HT patients displayed nor-
mal levels. The autoantibody levels were significantly
high in mild HT, treated HT patients, and GD patients.
Compared with the GD group, the TGAD levels were
remarkable in mild and treated HT patients (p<0.05).
On the contrary, any significant difference in the TGAb
levels among mild HT and treated HT patients was
not observed. The TPOAD levels were remarkably
increased in treated HT patients than those in mild HT
patients and in GD patients (»<0.05). The TPOAD lev-
els were similar in mild HT and GD patients.

Mild HT Treated HT GD Control p value
N (female/male) 61 (34/27) 63 (35/28) 513021 51(31/20) -
Age,y* 4088+ 1.61 42.41 £ 1.49 3979+ 1.73 3648+ 1.68 0.190
BMI * 22424178 23.01 +1.56 22124133 273141 0.239
FT3, pmol/L * 415+0.11 4.54+0.09 25.02+ 1.60 475+0.13 p<0.001
FT4, pmol/L * 12.27+0.90 1277 0.73 61.14 £ 4.01 133720091 $<0.001
TSH, mIU/mL a .5?-23?30) a .9§l471.706) (0.0828.101) (1.6?—1;86) p=0.001
TPOAD, 1U/mL " (772.2§l2577.28) (2443§fl‘11(3)00.00) (261.§§l§017.08) a10. %;'-256.72) UL
TGAb, IU/mL * (150%822%1.55) (1563;3;335.58) (291.%186.30) (6.}(2;—?2.55) p=0.001
TNF-0, pg/mL * 9.79+0.51 14.09 = 4.26 15.43 £3.22 9.44+0.66 0.359
IL-4, pg/mL * 0.67 % 0.03 0.59 = 0.03 0.72+0.07 0.72 £ 0.03 0.075
IL-17, pg/mL * 2274025 1.97+0.17 178 +0.14 179+ 0.27 0.324

GD, Graves’ disease; HT, Hashimoto’s thyroiditis. * Mean + standard deviation. © Median with interquartile range.
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Significant differences were observed in serum
25(0OH)D levels among mild HT, treated HT, and
GD patients (p<0.001). Compared with the controls,
treated and mild HT patients exhibited significantly
lower 25(OH)D levels (45.77+3.48 vs. 83.49+6.24
nmol/L, p<0.001) and (55.254+3.88 vs. 83.49+6.24
nmol/L, p<0.001), respectively. However, the GD
patients’ 25(OH)D levels did not alter significantly
(81.77£5.60 vs. 83.49+6.24 nmol/L, p=0.808). Also,
the 25(OH)D levels between mild HT patients and
treated HT patients did not show any remarkable alter-
ation (55.25+3.88 vs. 45.77+£3.48 nmol/L) (Fig. 1).

Vitamin D deficiency was prevalent in 22.9% of
GD cases, 55.4% of mild HT cases, 70.3% of treated
HT cases, and 24.1% of controls. Compared with the
controls, the prevalence of vitamin D deficiency was
substantially different in mild HT patients (p<0.001)
and treated HT patients (»<0.001). However, no dif-
ferences were observed in the GD patients (p=0.797).
Compared with the mild HT patients, treated HT
showed a significant difference in the prevalence of
vitamin D deficiency (p<0.05) (Fig. 2).

Following the amendment in the age, BMI, and gen-
der in normal controls, the peripheral blood vitamin D
was not correlated with thyroid function, TPOAb, and
TGAD. The correlation analysis of vitamin D levels and
thyroid hormone in GD, mild HT and treated HT groups
revealed that serum 25(OH)D level was not associated
with FT3, FT4, TSH, TPOAD, and TGAD (Table 2).

Compared with the controls, treated and mild HT
patients had weakly lower IL-4 levels (p>0.05). On
the other hand, treated HT and mild HT patients both
showed only a modest increase in TNF-a and IL-17
levels (p>0.05). The TNF-a level increased slightly in
the GD patients but did not achieve statistical signifi-
cance (p>0.05), whereas IL-4 and IL-17 did not show
any distinct changes (Table 1).
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Fig. 1 Serum levels of 25(OH)D in AITD patients and controls

GD, Graves’ disease; HT, Hashimoto’s thyroiditis;
** p<0.001, compared with control group.
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Fig. 2 Prevalence of vitamin D deficiency in AITD patients and
controls
GD, Graves’ disease; HT, Hashimoto’s thyroiditis; Vitamin
D sufficiency, 25(OH)D > 75 nmol/L; insufficiency, 50
nmol/L < 25(OH)D < 75 nmol/L; deficiency, 25(OH)D
< 50 nmol/L; * p<0.05, compared with mild HT group;
** p<0.001, compared with control group.

Table 2 Correlation of serum 25(OH)D and thyroid hormone, autoantibodies, serum cytokines levels

25(OH)D (Mild HT) 25(OH)D (Treated HT) 25(0OH)D (GD) 25(OH)D (Control)
r p value r p value r p value r p value

FT3 0.005 0.975 0.223 0.198 0.262 0.495 0.366 0.094
FT4 0.208 0.186 0.038 0.829 0.329 0.388 0.270 0.225
TSH 0.180 0.253 0.320 0.061 -0.302 0.429 0.201 0.369
TPOAD -0.155 0.326 -0.029 0.870 -0.095 0.808 -0.214 0.235
TGAb -0.099 0.531 -0.239 0.166 -0.352 0.353 -0.012 0.468
TNF-a -0.084 0.599 -0.133 0.448 -0.344 0.365 -0.059 0.795
IL-4 0.208 0.186 0.26 0.131 0.577 0.103 0.603 0.063
IL-17 0.275 0.078 0.427 0.071 0.602 0.086 0.361 0.099

GD, Graves’ disease; HT, Hashimoto’s thyroiditis.
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The correlation analysis between vitamin D levels
and the serum cytokines levels of AITD revealed that
25(0OH)D levels were neither associated with TNF-a
nor with IL-4 and IL-17 levels (Table 2).

Discussion

The current state of vitamin D inadequacy around
the world is discouraging, and hence, its deficiency has
been recognized as a global health issue [20]. Vitamin
D plays a vital role in the regulation of calcium-phos-
phorus metabolism, as well as in decreasing the risk
of rickets, fractures, osteoporosis, and osteomalacia.
In recent years, a number of studies have shown that
vitamin D not only has immunoregulation function but
also plays a major role in the pathogenesis of autoim-
mune diseases [21], affecting the interaction of vitamin
D receptor on target cells.

Various studies have suggested that vitamin D level
in AITD patients is lower than that in the healthy
individuals, and overall the proportion of vitamin D
deficient patients is higher than the normal people.
Patients with vitamin D deficiency are more likely to
have TPOAD and thyroid dysfunction as compared to
the standard vitamin D level people [22]. Our results
showed that compared to the healthy people, mild HT
and treated HT groups suffered from significant vita-
min D deficiency. Also, compared to the mild HT
group, vitamin D level of the treated HT group was
slightly decreased (p>0.05), and expressed a great pro-
portion of vitamin D deficiency (»p<0.05). Mansournia
N et al. and Tamer et al. [17, 18] found that vitamin
D level presented a significantly decreasing trend in
hypothyroidism patients who failed to administer med-
ication. Our study further confirmed that hypothyroid-
ism patients continued to suffer from severe vitamin
D deficiency even after the regular thyroid function
was restored by drug substitution treatment. Thus, it
cannot be ignored to supplement vitamin D in patients
undergoing levothyroxine sodium treatment. Yasuda
et al. [23] established that the serum vitamin D level
in the group of 26 females, newly diagnosed with GD,
was significantly lower than the group comprising of
46 healthy females (p<0.05). Ma et al. [24] demon-
strated that vitamin D level in 70 patients with newly
diagnosed GD was substantially lower than that in the
healthy control group. However, in the present study,
we did not find significantly decreased vitamin D level
in patients newly diagnosed with GD, which was con-

tradictory to the previous studies. Chiovato L et al. has
proposed specifically designed studies evaluating the
role of vitamin D deficiency in GD patients are needed
before firm conclusions can be formulated [25]. We
speculated that it might be due to the variability in the
patients enrolled in different centers, which led to dif-
ferent vitamin D level. Zhang et al. [26] divided 70
patients with newly diagnosed Graves’ disease into
TRAD positive and negative groups. The vitamin D
level of the TRADb positive group was significantly
lower than that of the healthy control group, but that of
the TRAD negative GD group was similar to the con-
trol group. We also performed statistical analysis of a
previously collected large sample data of newly diag-
nosed GD patients and found a significant difference
in the serum calcium levels between TPOAb>600 and
<600 groups (2.25 vs. 2.31 nmol/L, p=0.008). Thus,
we speculated that the difference in TPOAb among
newly diagnosed GD patients in different research cen-
ters might be associated with variable serum calcium
level and ultimately affect the vitamin D level in the
patients. Previously, it was believed that GD patients
required vitamin D supplements. However, we found
that the proportion of GD patients with vitamin D defi-
ciency and insufficiency was similar to that of the nor-
mal people. 52.1% of the GD patients had sufficient
vitamin D, and only half of them required an appro-
priate amount of vitamin D supplement. However up
to date the number of GD patients enrolled in recent
researches focused on the vitamin D level was small,
a large scale study is imperative to explore vitamin D
deficiency in GD.

Kivity et al. [22] reported a link between vitamin
D deficiency and the presence of antithyroid anti-
bodies including TPOAb and TGAb. Zhang et al.
[26] observed that the level of 25(OH)D in serum
was inversely correlated with TRAD titer in serum of
TRADb-positive GD patients. However, other studies
failed to demonstrate a firm correlation. Effraimidis
et al. [27] did not find a correlation between low vita-
min D level and early AITD. Also, Chailurkit et al.
[28] failed to find any correlation between vitamin D
level with the thyroid function and thyroid autoanti-
bodies in AITD patients. Yasuda et al. [23] also did
not find that vitamin D level was associated with the
thyroid function in GD patients. In this study, we also
could not establish a correlation between vitamin D
level with thyroid function and thyroid autoantibod-
ies in both the normal controls and AITD patients.
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Therefore, vitamin D deficiency perhaps may not be
associated with the pathogenesis of AITD. However,
we observed a relatively low serum vitamin D level
in mild HT, the vitamin D level in euthyroid overt HT
received thyroid hormone therapy was not restored to
normal levels, and GD patients had similar 25(OH)D
levels to those seen in healthy individuals. Thyroid
hormone levels seem to indirectly affect Vitamin D
status in AITD. Although our research has not eval-
uated other variables known to influence vitamin D
levels, such as estrogen use, month of blood sam-
pling, sun exposure information, studies should ver-
ify the complex etiology of vitamin D deficiency
in AITD.

In our study, we expected to seek the immune regu-
lation paradigm of vitamin D in autoimmune disease
patients through the detection of serum cytokines and
vitamin D level in peripheral blood of the subjects. It
is noteworthy serum TNF-q, IL-4, IL-17 levels did not
show any distinct changes in AITD patients. Our recent
observations has verified the IL-4 expression in the
thyroid was significantly increased while serum IL-4
level were unaffected in EAGD mice. IL-4 derived
from thyroid epithelial cells (TEC) may contribute to
the pathogenesis of GD by stimulating unrestrained
TEC hyperplasia [13]. Cytokines from thyroid tissue
perhaps play a more critical role in the pathogenesis
of GD than circulating serum cytokines. Moreover,
our analysis did not find any association of vitamin D
with various cytokines in AITD patients. This may be
attributed to the limitations of our study which may be
rectified as follows: (1) Increase in the sample size. (2)
Application of levothyroxine sodium in hypothyroid-

ism patients may affect cytokine expression. (3) The
cytokine expression in the cell subsets should be ana-
lyzed more accurately with flow cytometry. In addi-
tion, we will carry out the research on the variation of
cytokines from the thyroid and serum in EAGD and
spontaneous autoimmune thyroiditis mice before and
after vitamin D treatment.

We observed low serum vitamin D levels in HT
patients, which did not alter significantly in GD patients
compared with non-AITD controls. Clinical evidence
suggested the administration of vitamin D and its ana-
logs for AITD treatment, but the vitamin D supple-
ments were not necessary for all the AITD patients.
We could identify the populations requiring treatment
by evaluating serum 25-(OH)D level to achieve early
detection and therefore, begin early treatment.
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