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Abstract: Background: The study aims to explore the clinical effects of Vitamin D (VitD) supplements for Hashi-
moto’s Thyroiditis (HT), which are unclear according to other studies. Methods: Female patients with newly di-
agnosed HT from January to June in 2018 were included. This study is registered in the Chinese Clinical Trials
Registry with registration number ChiCTR1800014619 (URL: https://www.chictr.org.cn/). Patients were randomly
assigned to the treatment group and the control group. The treated group were further randomly assigned to a VitD
supplement group or VitD & Levothyroxine (L-T4) supplement group. After 6 months, we recorded and compared
various indicators between different groups. Results: A total of 179 patients, aged 12 to 75, were used for statisti-
cal analysis. A significant decrease in Thyroid Peroxidase Antibody (TPOAb) level was observed (351.70+183.25
vs. 246.37+157.39, P<0.001) in the VitD-treated group compared to the control group after 6 months. Free Tri-
iodothyronine (FT3) and Free Thyroxine (FT4) level were increased (FT3: 4.30+0.64 vs. 4.84+0.9, P<0.001; FT4:
15.15+1.93 vs. 17.38+2.97, P<0.001), and Thyroid-Stimulating Hormone (THS) level was decreased (3.58+1.78
vs. 2.25+1.22, P<0.001) in the VitD-treated group compared to the control group. Conclusion: VitD supplementa-
tion can effectively slow progression of hypothyroidism, improve thyroid function, and reduce the anti-thyroid anti-
body level. This suggests it is useful for HT.
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Introduction quent to observe VitD deficiency in patients
with HT than in a healthy population. Bozkurt et
al found that there was a correlation between
VitD deficiency and duration of HT, antibody
level, and thyroid volume, demonstrating a cru-
cial role for VitD in the development of HT [3].
Simsek et al presented the first clinical study to
explore the effect of VitD on thyroid antibodies
in 2016 [4]. Successive studies showed a
beneficial effect of VitD supplement for AITD
patients [5-7]. However, the finding of a double-
blinded randomized placebo-controlled clinical
trial performed in Iran did not support an asso-

Hashimoto’s thyroiditis (HT) is an autoimmune
thyroid disease characterized by an enlarged
and firm thyroid gland, with or without hypothy-
roidism secondary to raised circulating autoan-
tibodies (thyroid peroxidase antibody (TPOAb)
or Thyroglobulin Antibodies (TGAb)). HT is typi-
cally treated with levothyroxine when hypothy-
roidism is present or to try to reduce the size of
thyroid gland or the goiter. However, the treat-
ment needed to reduce the antibody level and
ameliorate hypothyroidism is still uncertain.

In recent years, numerous clinical and preclini-
cal studies suggested that VitD deficiency may
be associated with autoimmune thyroid dise-
ases (AITDs) [1-3]. Furthermore, it is more fre-

ciation between VitD treatment and improve-
ment of thyroid autoimmune diseases [8].
Therefore, it was important to resolve contro-
versies in this regard.
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Figure 1. Flowchart of the study.

This prospective, randomized, and controlled
clinical trial performed in Southwest of China
aims to investigate the effects of vitamin D
supplementation in patients with HT, providing
support for the use of vitamin D supplements
for the management of HT or in susceptible
patients.

Materials and methods
Patients

A total of 193 patients were enrolled between
January to June 2018, and 179 patients (aged
12-75 years) completed the study. The studies
involving human participants were reviewed
and approved by the Second Affiliated Hospital
of Chengdu Medical College. The patients/par-
ticipants provided their written informed con-
sent to participate in this study. Examinations
including serum level of thyroid stimulating
hormone (TSH), free T4 (FT4), free T3 (FT3),
TPOAb, TGAb, and 25-hydroxyvitamin D (25(0OH)
D), liver, and kidney function and ultrasound of
neck were performed on all patients. Patients
who had elevated serum TPOAb and/or TgAb
levels, enlarged thyroid gland with echo inho-
mogeneity, and normal serum FT3, FT4 and
TSH levels (or increased less than 10 mmol/L)
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were included in this study. Postmenopausal
patients or patients with renal or liver disease,
cancer, pregnancy, severe weight loss, and
those who were on immunosuppressive medi-
cation within 6 months, addicted to alcohol or
tobacco or had an abnormal Body Mass Index
(BMI) (less than 18.5 or greater than 23.9)
were excluded from this study.

Study procedures

Patients were assigned into two groups by ran-
dom number table. The first group was also ran-
domly divided into two sub-groups. One of
these was treated with Vitamin D 800 IU/day
for 6 months and another group was treated
with Vitamin D 800 IU/day and L-T4 25~50 ug/
day for 6 months. The second group served as
the control group and was treated with no
drug. The levels of TSH, FT4, FT3, TPOAb, TgAb,
25(0OH)D and laboratory tests of liver and kid-
ney function were measured and recorded at
the initiation of the study and after 6 month-
treatment. During the study period, any pa-
tients with hypothyroidism symptoms or abnor-
mal FT4 or FT3 levels were withdrawn from our
study and instructed to supplement timely with
moderate L-T4. The trial ended after 12 months.
Figure 1 shows the study clinical trial flowchart.
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Table 1. Groups of the study patients

Control  VitD-treated group
group VitD VitD+LT4

Enrolled 96 49 48
Lost to follow-up 10 0 0
Excluded 0 0 4
Evaluated 86 49 44

The trial was registered in the Chinese Clini-
cal Trials Registry with registration number
ChiCTR1800014619 (URL: https://www.chictr.

org.cn/).

Outcomes

The primary outcome was the change in the
serum 25-hydroxyvitamin D level after treat-
ment. The secondary outcomes were the ch-
anges in the levels of TPOAb, TgAb, TSH, FT3
and FT4 after treatment.

Sample size estimation

Sample sizes to detect differences in complica-
tion rates between sub-groups were estimated
for binominal proportions assuming a Type |
error of 5% (two-sided) and 80% power. These
sample size determinations were made using
PASS 2008 (NCSS, Kaysville, UT).

Statistical analysis

SAS 9.4 software was used for the statistical
analysis. Data were presented as means *
standard error (Mean + SE). The student t-test
was used for normally distributed data and the
Mann-Whitney test was used if the data were
skewed. Paired t-test was used for within-
group comparison and between-group compar-
ison was performed by independent t-test.
Regarding the nominal data, Chi-square and/or
Fisher's exact test were used to compare the
two groups. The relationships of altered 25(0H)
D Level to altered thyroid function or thyroid
antibody in the treated group were analyzed by
a Spearman correlation test. Multivariable lin-
ear regression (as shown in the Supplementary
Table 1) was used to analyze the association of
decreased TPOAD level to other baseline vari-
ables, including age, FT3, FT4, TSH, TGAb, and
VitD. The ATPOAb value (initial value minus
post-treatment value) was used as the depen-
dent variable and other variables were utilized
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as independent variables. A stepwise method
was used to model the effect of predictor vari-
ables on adherence. A p-value of <0.05 was
considered significant for all tests.

Results
Patients and baseline

A total of 193 patients were enrolled from
January 2018 to June 2018 in the study. Fina-
lly, 179 patients with HT eligible for the study
attended a baseline examination and were
entered into statistical analysis. 4 patients in
the VitD-treated group and 10 patients in the
control group were excluded or dropped during
the study period (Table 1). There were no sig-
nificant differences in the clinical characteris-
tics either between the control group and the
treated-group, or between the VitD-treated gr-
oup and the L-T4 & VitD treated group (Tables
2, 3).

Serum levels of thyroid function in each group
before and after trial

The levels of FT3 and FT4 (P=0.02, P=0.027,
respectively) were decreased, and the levels of
TPOAb and TgAb were significantly increased,
while the levels of TSH (P=0.1764) and 25(0H)
D (P=0.095) were similar in the control group
after 6 months. There was a significant increa-
se in FT4 level (P=0.0157), but the levels of
TSH (P<0.0001), TPOAb (P<0.0001) and TgAb
(P=0.001) were decreased. No changes were
observed in FT3 level (P=0.7707) in the VitD-
treated group after 6 months. The levels of FT3
(P=0.0152) and FT4 (P<0.0001) were signifi-
cantly increased, accompanied by decreased
TSH (P<0.0001), TPOAb (P<0.0001) and TgAb
(P=0.004) levels in the L-T4 & VitD treated
group after 6 months. As expected, the serum
level of 25(0H)D was significantly increased in
the VitD-treated group and the L-T4 & VitD
treated group (P<0.0001) (Table 4).

Serum levels of biochemical measurements in
the control group and the treated group after
trial

The levels of FT3, FT4, and 25(0H)D were sig-
nificantly increased in the treated group com-
pared to the control group (P<0.001). Lower
TSH and TPOAb levels were observed in the
treated group than in the control group (P<
0.001). The level of TgAb in the treated group
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Table 2. Baseline characteristics in the treated group and

control group

change in 25(0H)D level and the
FT3 level (r=0.070, P=0.3498)

Table 7).
. Control group Treated group (
Variable (N=86) (N=93) T/Z p R ot . .,
nalysis of predictors for a de-
A .30+£10.2 4.86+12. -0. .
ge. (year) 33.30+£10.20 34.86 00 -0.93 0.356 crease in TPOAb
Weight (kg)
FT3 (pmol/L) 4.66+0.82 4.64+0.72 0.19 0.849 The results of multiple stepwise
TSH (mlIU/L) 3.37+1.71 3.41+£1.57 -0.16 0.873 decreased TPOAD levels were sig-
TGADb (IU/ml) 689.83+818.21 685.17+745.27 0.04 0.968 nificantly associated with the ini-
TPOADb (IU/ml) 292.85+171.25 299.37+171.09 -0.25 0.799 tial TSH level (T=-2.63, 95%
25(0H)D (ng/ml)  15.48+4.41 15.39+4.29 0.13 0.894 Cl=3.315-23.831, P=0.010), the
Alb (g/dL) initial TPOAD level (T=4530, 95%
BUN (mg/dL) CI=O.2§O-O.101, P<0.0001) and
or (mg/dL) the patient age (T=-3.910, 95%
TSH (mU/L) CI=0.308-1.590, P<0.0001). This
means the level of TPOAb has a
negative correlation with a lower
Table 3. Baseline characteristics between sub-treatment initial TSH level, a higher |n.|t|al
TPOADb level, and younger patient
groups
- ) age (Table 8).
Variable VitD Group L-T4 & VitD 17z D
(N=49) Group (N=44) Discussion
Age (year) 36.23+12.49 33.39+11.42 1.13 0.260
FT3 (pmol/L) 4.65+0.84 4.63+0.56 0.03 0.975 Vitamin D receptor (VDR) is widely
FT4 (pmol/L) 16.07+3.42 16.09+1.88 0.88 0.376 expressed in various immune
TSH (mlIU/L) 3.35+1.82 3.48+1.25 0.65 0.513 cells, including T cells, B cells, and
TGAb (IU/ml) 679.324768.62 691.69+727.19 -0.08 0.937 antigen presenting cells (APCs)
TPOADb (IU/ml)  281.24+165.34 319.55+176.97 -1.08 0.283 such as macrophages and den-
25(0H)D (ng/ml)  16.06+4.52  14.64+3.92 1.61 0.110 dritic cells (DC) [9, 10]. Itis univer-

was nonsignificantly decreased compared to
the control group (P=0.056) (Table 5).

Serum levels of thyroid function in the VitD-
treated group and L-T4 & VitD treated group
after trial

The levels of TPOAb and TgAb were similar in
the two groups after 6 months, while higher lev-
els of FT3 and FT4 and lower levels of TSH were
observed in the L-T4 & VitD-treated group com-
pared to the VitD-treated group (Table 6).

Correlation analysis of the increase in 25(0H)
D and thyroid function and thyroid antibody in
the treated-group after trial

Spearman correlation analysis showed that the
increase in 25(0H)D level was negatively corre-
lated with the TSH, TGAb, and TPOAbD levels (r=-
0.316,-0.261, -0.403, respectively), while posi-
tively correlated with the FT4 levels (r=0.287).
However, there was no correlation between the
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sally acknowledged that DCs are
the most potent and versatile
APCs. 1,25-(0OH),D, has been reported to regu-
late the expression of DC-derived factor and
suppress DC maturation through inhibiting
Interleukin (IL)-12 and IL-23 production and
elevating IL-10 release. The high affinity for
1,25—(OH)2D3 in activated lymphocytes sug-
gests that this steroid acts as an immunoregu-
latory hormone. Interference with cytokine pro-
duction of lymphocytes such as T cells seems
to be a key mechanism by which 1,25-(0H),D,
interacts with immune system. This inhibits the
proinflammatory function of helper T (Th) cell
and stimulates regulatory T cells (Treg) activity,
favoring relief of autoimmunity [11, 12]. The
effects of 1,25(0H),D, on the proliferation and
apoptosis of B cells result in the prohibition of
the autoimmune process directly [13], indicat-
ing that VitD may provide a beneficial effect for
autoimmune diseases such as HT.

Some research suggested that CSE (Cigarette
Smoke Extract) promotes the maturation of DC

Am J Transl Res 2023;15(10):6234-6241
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Table 4. Comparison of laboratory findings of each group before and after trial

Variable Initial 6 months after t p
Control Group FT3 (pmol/L) 4.66+0.82 4.30+0.64 3.93 0.02

(N=86) FT4 (pmol/L) 15.91+2.50 15.15+1.93 3.08 0.027
TSH (mIU/L) 3.37+1.71 3.58+1.78 -1.36 0.1764

TGAb (IU/ml) 689.83+818.21 747.62+926.17 -2.43 0.0173
TPOAb (IU/ml) 292.85+171.25 351.70+183.25 -5.72  <0.0001

25(0H)D (ng/ml) 15.48+4.41 16.6615.25 -1.48 0.0950

VitD-Treated Group FT3 (pmol/L) 4.65+0.84 4.68+0.87 -0.29 0.7707
(N=49) FT4 (pmol/L) 16.07+3.42 16.84+3.45 -2.50 0.0157
TSH (mIU/L) 3.35+1.82 2.49+1.22 5.07 <0.0001

TGAb (IU/ml) 679.32+768.62 521.06+580.31 3.49 0.0010
TPOAb (IU/ml) 281.24+165.34 231.88+147.33 5.69 <0.0001
25(0H)D (ng/ml) 16.06+4.52 24.82+45.75 -11.70  <0.0001

L-T4 & VitD Treated Group FT3 (pmol/L) 4.63+0.56 5.02+0.95 -2.53 0.0152
(N=44) FT4 (pmol/L) 16.09+1.88 17.99+2.20 492  <0.0001
TSH (mlU/L) 3.48+1.25 1.99+1.18 7.94 <0.0001

TGAb (IU/ml) 691.69+727.19 538.15+543.24 3.87 0.004
TPOAb (IU/ml) 319.55+176.97 262.52+168.11 4.78 <0.0001
25(0H)D (ng/ml) 14.64+3.92 23.32+4.20 -15.76  <0.0001

Table 5. Comparison of laboratory findings in the control
group and treated group after trial

Control Group Treated Group

Variable (N=86) (N=93) T/Z p

FT3 (pmol/L) 4.30+0.64 4.84+0.92 -4.28 0.000
FT4 (pmol/L) 15.15+1.93 17.38+2.97 -5.92 0.000
TSH (mIU/L) 3.58+1.78 2.25+1.22 5.62 0.000
TGAb (IU/ml) 747.62+926.17 529.15+560.09 1.93 0.056
TPOAb (IU/ml) 351.70+£183.25 246.37+157.39 4.13 0.000
25(0H)D (ng/ml) 16.66+5.25 24.11+5.11  -9.59 0.000

Table 6. Comparison of the laboratory findings between sub-
groups after trial

L-T4 & VitD

Variable VitD (N=49) (N=44) /Z p
FT3 (pmol/L) 4.68+0.87 5.02¢0.95  -1.78 0.079
FT4 (pmol/L) 16.84+3.45 17.99+2.20  2.90 0.004
TSH (mIU/L) 2.49+1.22 1.99+1.18  1.98 0.051
TGAb (IU/ml) 521.06+580.31 538.15+543.24 -0.15 0.884
TPOAb (IU/ml)  231.88+147.33 262.52+168.11 -0.94 0.351
25(0H)D (ng/ml)  24.8245.75 23.32+4.20 -1.45 0.147

and initiates an acquired immune response,
which is considered one of the main mecha-
nisms leading to Hashimoto’s thyroiditis [14].
Therefore, the patients who smoked were st-
rictly excluded. The patients with abnormal BMI
were also excluded because excess adipose
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tissue may influence the develop-
ment of the autoimmune reaction
[45].

TPOAb is not only a marker of
abnormal immune activation but
also acts as a cytotoxic factor in
thyroid cells, to which the damage
is minor based on T cell and cyto-
kine mediated apoptosis. Further-
more, thyroid peroxidase is a poor-
ly glycosylated membrane-bound
enzyme, responsible for the oxida-
tion of iodotyrosine and thyroid
hormone production. Besides, high
levels of TPOAb slow down the pro-
cess of thyroid hormone synthesis
by blocking the process, which dire-
ctly contributes to hypothyroidism
[16]. In the present study, VitD sup-
plementation effectively improved
thyroid function and decreased the
level of thyroid antibodies, espe-
cially TPOADb levels, demonstrating
that VitD actually does have a ben-
efit for Hashimoto’s thyroiditis.

Unlike TPOADb, TGAb can be induced by a mas-
sive release of antigens such as destruction of
the thyroid gland or generation of new epitopes
by a changed and more immunogenic confor-
mation of the Tg molecule. The function of TGAb
in thyroid cells is still unclear, but they have no

Am J Transl Res 2023;15(10):6234-6241
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infiltration in an animal model of HT
[24]. Thyroid hormones are thought to
contribute to free oxygen radical cle-
aning by increasing nonenzymatic

Table 7. Correlation analysis between changes in thy-
roid function, thyroid antibody, and 25(0OH)D level in the
treated group before and after trial

_ A25(0H)D s
Variable R P antioxidant molecules, and thereby
r h idati r r
AFT3 0.070 0.3498 dec e.ase the omdgtlve st ess_, (_aduce
cytokine production, and indirectly
AFT4 0.287 <0.0001 decrease the level of abnormal im-
ATSH -0.316 <0.0001 mune activation [22]. Some research-
ATGAB -0.261 0.0004 ers found that the application of levo-
ATPOAB -0.403 <0.0001 thyroxine in euthyroid patients with HT

could decrease the TPOAb and TGAb
levels [23], but another study showed

Table 8. Multiple regression analysis of ATPOAb that those changes only occurred in

Variable Coefficient SE T p 95% _Cl_for patients with clinical hypothyroidism

Coefficient [24]. In the present study, the level of
TSH 13,573 5.161 2.630 0.010 3.315 23.831 FT4 was significantly increased in the
TGAb 0.019 0.009 2.100 0.039 0.001 0.037 L-T4 supplement group and no obvious
TPOAb  -0.181 0.040 -4.530 <0.0001 -0.260 -0.101 change in FT3, TSH, TPOAb, or TGAb
Age 0.949 0327 3.910 <0.0001 0.308 1.590 level was observed. This manifests

relationship to the development of thyroid cell
destruction [17-19]. Thus, studies regarding the
effect of the TGAb level on VitD and AITD are
rare. Recently, a researcher did a multiple lin-
ear regression analysis and found that TgAb
level was the most relevant indicator for the
clinical symptoms of hypothyroidism such as
fragile hair, face edema, edema of the eyes,
and harsh voice when compared to thyroid hor-
mones and TPOAb. This suggests the clinical
significance of the TGADb level in patients with
HT. In this study, the level of TGAb decreased in
the VitD-treated group after 6 months. How-
ever, it showed no significant difference in the
treated group and the control group, indicating
that the immune responses of Tg and TPO anti-
gens in thyroid autoimmunity were not exactly
the same.

In this study, a multiple regression analysis was
performed and showed that the initial TSH and
TPOAb levels as well as the age of patients
were predictors for a decrease in TPOAD levels,
suggesting that VitD therapy might exhibit a
more beneficial effect in such patients. One
study in animals has confirmed that age was
linearly associated with a descending mRNA
level of 1a-hydroxylasein in kidneys [20], which
was consistent with our results.

Previous studies showed that levothyroxine
treatment reduced the degree of lymphocytic
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that L-T4 had an effect on upregula-
tion of thethyroid hormone level and
showed no action on thyroid reserve function or
thyroid autoimmunity.

The usage of cholecalciferol substitution for
VitD supplement is one of the limitations of our
study. Cholecalciferol is extremely common in
the clinic and no serious adverse events has
been reported to date. However, the active VitD
metabolites need to be hydroxylated in the liver
and kidney, which is in the charge of 25-hydrox-
ylases such as Cyp2R1 and Cyp27B1. The level
of hydroxylase might influence the conclusion
which we did not assessa at the beginning.
Secondly, clinical symptoms of the patients
were not included in this trial. In addition, a
small sample size and short follow-up time may
have influenced our findings.

Conclusion

VitD supplementation effectively improved thy-
roid function and decreased the level of thyroid
antibodies, leading to the amelioration of hypo-
thyroidism. There was a negative correlation
between TPOAb levels and lower initial TSH
level, higher TPOADb level, and younger age in
patients with HT. No obvious advantages in
improving thyroid reserve function and no syn-
ergistic effect in blocking the process of abnor-
mal immune response were observed when a
patient was treated with VitD and L-T4. The
present findings suggest that VitD supplemen-

Am J Transl Res 2023;15(10):6234-6241
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tation may be a useful treatment for patients
diagnosed with HT who have normal thyroid
function or sub-clinical hypothyroidism. How-
ever, a long-term, larger, prospective, blind-
controlled trial needs to be conducted.
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Supplementary Table 1. The conversion of continuous variables (age, FT3, FT4, TSH, TGAb and VitD)
to categorical variables

Variables Control group (N=86) Treated Group (N=93) p
age (year) >0.05
20-30 14 22
30-40 25 32
40-50 47 39
FT3 (pmol/L) >0.05
34 33 37
4-5 18 21
5-6 35 35
FT4 (pmol/L) >0.05
12-15 42 45
15-18 12 27
18-21 32 21
TSH (mlIU/L) >0.05
1-3 24 21
35 33 37
5-7 29 35
TGAb (IU/mL) >0.05
0-600 22 18
600-1200 37 42
1200-1800 27 33
25(0H)D (ng/mL) >0.05
10-14 31 32
14-18 38 33
18-22 17 28




