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INTRODUCTION

Vitamin D has a role in calcium and phosphorus
homeostasis, and thereby, is essential for the
preservation of bone health.! In addition, Vitamin D
insufficiency has been linked to autoimmune disorders
including autoimmune encephalomyelitis, rheumatoid
arthritis (RA), systemic lupus erythematosus, type 1
diabetes, and inflammatory bowel disease (IBD).*”!
Vitamin D receptors have been found in the immune
system, reproductive system, endocrine system, muscle,
brain, skin, and liver as well as the bone, kidney, and
intestine;®! supporting the idea of the role of Vitamin D
is not limited to the skeletal system.
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Many studies have shown that low Vitamin D levels
contribute to the development of autoimmune thyroid
diseases (AITDs) such as Hashimoto’s thyroiditis (HT)
and Graves’ disease (GD). Moreover, replacement
of Vitamin D has useful effects on treatment of the
AITDs by reducing levels of thyroid antibodies and
suppressing the autoimmune reaction.”? A number of
the previous studies have shown various relationships
among Vitamin D and AITDs.['"*? A study observed
that increased prevalence of Vitamin D deficiency and
insufficiency in thyroid peroxidase antibody (TPO-Ab)
or thyroglobulin antibody (TgAb) positive patients
when compared to those with negative antibody
status. A cross-sectional study documented increased
the prevalence of TPO-Ab positivity in women with
Vitamin D deficiency and insufficiency as compared
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to Vitamin D sufficient persons.!'! Inversely, some studies
have proposed that Vitamin D deficiency does not
increase the risk of AITDs.I">!¢1 Euthyroid thyroid levels
together with TPO-Ab positivity were not associated with
Vitamin D deficiency in a study.l"! In this study, we aimed
to investigate the relationship between Vitamin D and
thyroid autoimmunity by assessing the effects of Vitamin D
treatment on both serum levels of TPO-Ab and anti-TgAb.

MATERIALS AND METHODS

Study design and participants

Eighty-two patients, diagnosed with AITD and Vitamin D
deficiency by the Endocrinology outpatient clinics between
April 2015 and June 2015, were included in this prospective
study. The AITD patients with a history of Vitamin D
replacement therapy in the last 12 months and patients
taking medications that affect thyroid function such as
steroid and L-thyroxine were excluded from the study.
HT was diagnosed by high serum thyroid-stimulating
hormone (TSH) levels and in the presence of low or
normal fT4 levels with positive TPO-Ab and/or TgAb.
GD was diagnosed by low TSH levels and normal or high
fT3 and/or £T4 levels with positive TPO-Ab and/or TgAb. All
of the patients had one of the AITD (GD or HT) and Vitamin
D deficiencies defined as serum values <20 ng/mL.[""*%

Apreliminary study was planned by considering our primary
objective, and we have received five patients per group.
We have made an intermediate evaluation considering the
obtained findings and power analysis had performed. We
have decided that should be taken minimum 35 patients per
group by considering the power analysis and study running
time. Analyses were conducted using PASS 11.0 (Power
Analysis Statistical System, NCSS Inc. USA) software.

This study was approved by the local Ethics Committee, and
informed consent forms in accordance with the Declaration
of Helsinki 2013 Brasil version were obtained from all the
patients who had volunteered to be included in the study.

Procedures and variables assessment

All participants were randomly assigned into two
groups [Figure 1]. The first group was included 46 patients
who were treated with Vitamin D for 1 month at 1000 IU/day.
The second group included 36 patients who followed
without Vitamin D replacement but had been instructed
to expose themselves to sunshine and monitor their diet.
Serum TSH, fT4, fT3, TPO-Ab, TgAb, and Vitamin D of the
patients were assayed initially and subsequent 1 month.
Any patients with symptoms of Vitamin D deficiency
such as myalgia, sweating, and weakness were monitored.
These symptoms are not specific for Vitamin D deficiency.
However, if any patient had at least one of these symptom:s,
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Figure 1: Flow diagram of patients’ recruitment

we would have started Vitamin D replacement due to ethical
reasons and excluded these patients from the study.

Serum 25-hydroxyvitamin D (25[OH] D) levels were
quantified by liquid chromatography mass spectrometry
(LC-MS/MS) on waters analyzers (Acquity UPLC and
Quattro Premier XE Micromass spectrometry, USA). TSH,
fT4, fT3, TPO-Ab, TgAb levels were determined using a
chemiluminescent immunoassay (Cobas E6000, Roche
Diagnostic, Germany).

Statistical analysis

Data were analyzed with SPSS (Version 22.0, SPSS Inc.,
Chicago, IL, USA; License, University of Hitit, Turkey).
The suitability of the normal distribution of the data was
performed with Shapiro-Wilk test. Comparisons between the
groups for quantitative variables were evaluated using two
independent samples f-test in case of normally distributed
data, and Mann-Whitney U-tests in case of not normally
distributed data. Chi-square tests were used for qualitative
variables. Descriptive statistics with a normal distribution
are presented as mean + standard deviation and not normally
distribution is presented as median (minimum-maximum).
Nominal variables are presented as number of cases and
percentage (%). The significances of the difference between
the two related groups were evaluated using paired sample
t-test in case of normally distributed data, and Wilcoxon
test in case of not normally distributed data. P < 0.05 was
considered statistically significant.

RESULTS

The demographic and clinical data of the groups are
presented in Table 1. The two groups were similar with
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regard to age, sex, and type of thyroid disease. Laboratory
findings of the two groups are summarized in Table 2. As
expected, the mean serum Vitamin D level in the replacement
group was significantly increased (P = 0.001), and TPO-Ab
and TgAb levels were significantly decreased by the
replacement therapy (P = 0.02 and P = 0.03, respectively).
After 1 month, Vitamin D, TgAb, and TPO-Ab levels did not
significantly vary in Group 2, who did not receive Vitamin D
replacement (P >0.05). The two groups were similar in terms
of number of GD and HT (P> 0.05). L-thyroxine replacement
therapy was initiated if the patients had hypothyroidic
symptoms (overt hypothyroid or subclinical), and TSH levels
above the normal range (0.27—-4.2 mIU/L). Only five patients
were administered L-thyroxine replacement (four of them in
Group 1 and 1 in the control Group 2). Other patients with
HT were diagnosed with subclinical hypothyroidism. At the
same time, methimazole was started if patients exhibited
hyperthyroidic symptoms and had TSH levels under the
normal range. Eight patients with GD were administered
methimazole (five in Group 1 and 3 in the control Group 2).
The remaining patients had subclinical GD. TSH levels were
not significantly different in either group and any thyroid
disease (P > 0.05).

There was no statistically significant difference between
mean Vitamin D levels (P > 0.05) at baseline, although

Table 1: Demographic and clinical data and autoimmune
thyroid disease distribution of the groups

Vitamin D replacement Nonreplacement P

group (n=46) group (n=36)

Age® 35.8£12.0 39.7£12.6 0.171
Male/female® (%) 9 (19.6)/37 (80.4) 5 (13.9)/31 (86.1) 0.702
HT/GD® 37 (80.4)/9 (19.6) 31(86.1)/5 (13.9) 0.702
2Independent sample t-test was used for statistical analysis; *Chi-square test was used

for statistical analysis. Data are expressed as the meanSD or noun (percentage).
HT = Hashimoto’s thyroiditis; GD = Graves’ disease; SD = Standard deviation

Table 2: Comparison of the laboratory findings of the
each groups?

Laboratory Initial After 1 month P
parameters  values values
Nonreplacement TSH 4.0+2.5 3.5£2.2 0.120
group T4 1.1£0.4 1.4+1.3 0.010
Vitamin D 8.6+4.2 10.9+6.0 0.160
TPOAb 201 (593) 166 (592) 0.860
TgAb 273 (566) 237 (592) 0.530
Replacement TSH 4.1+4.0 3.5£2.5 0.980
group T4 1.5+1.1 1.2+0.4 0.500
Vitamin D 11.5+5.9 21.4£9.9 <0.001
TPOAb 223 (591) 210 (592) 0.020
TgAb 312 (1612) 244 (915) 0.030

Data are expressed as mean+SD or median (range). Normal range of laboratory
parameters: TSH = 0.27-4.2 ulU/ml, fT4 = 0.8-2.7 ng/d|, Vitamin D = 19-57.6 ng/ml,
TPOADb = 0-4 IlU/ml, TgAb = 0-9 IU/ml. 2The significances of the difference between the
two related groups were evaluated using Wilcoxon test; TPOAb = Thyroid peroxidase
antibody; TgAb = Thyroglobulin antibody; TSH = Thyroid-stimulating hormone;
fT4 = Free T4; SD = Standard deviation
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Group 1 had a higher mean Vitamin D level following
treatment than Group 2 at the second visit (P < 0.001).

All of the patients were analyzed in terms of their AITD
diagnosis and Vitamin D levels at baseline; there was
no statistically difference between GD and HT in terms
of Vitamin D levels (10.1 + 2.2 ng/dl, 10.8 + 3.5 ng/dl,
respectively). The patients with GD or HT were not
compared separately due to a statistically low number of
patients with GD.

Two groups were compared in terms of TSH, T4, fT3,
TPO-Ab, TgAb, and Vitamin D levels before and after
1 month [Table 3]. There was only statistically significant
difference between Vitamin D levels after assaying
1 month (nonreplacement group Vitamin D = 11.5 + 5.9;
replacement group Vitamin D=21.4+9.9; P <0.001). Other
parameters were similar between groups. Furthermore,
mean differences of laboratory findings after and before
Vitamin D treatment between two groups were shown in
Table 4. Change of Vitamin D and T4 levels after treatment
were significantly different between two groups.

Table 3: Comparison of the laboratory findings between
the groups®

Nonreplacement  Replacement P
group group
Initial values
Vitamin D 8.6+4.2 11.5¢5.9 0.052
TSH 4.0£2.5 4.1+#4.0 0.290
T4 1.1x0.4 1.5+1.1 0.050
TPOADb 201 (7-600) 223 (8.8-600)  0.263
TgAb 273 (10-576) 312 (5.0-1617)  0.944
Values after 1 month
Vitamin D 10.9+6.0 21.4%9.9 0.005
TSH 3.5%2.2 3.5%2.5 0.265
T4 1.4£1.3 1.220.4 0.329
TPOAb 166 (7.9-534) 210 (7.6-600) 0.236
TgAb 237 (13-605) 244 (8-923) 0.977

Data are expressed as mean+SD or median (minimum-maximum). Normal range of
laboratory parameters: TSH=0.27-4.2 ulU/ml, fT4=0.8-2.7 ng/dl, Vitamin D=19-57.6 ng/ml,
TPOAb=0-4 IU/ml, TgAb=0-9 IU/ml. 2Independent sample’s t-test was used for
comparisons between the groups for all variables. TPOAb = Thyroid peroxidase antibody;
TgAb = Thyroglobulin antibody; TSH = Thyroid-stimulating hormone; fT4 = Free T4;
SD = Standard deviation

Table 4: Mean differences of laboratory findings after
and before Vitamin D treatment between two groups?

Variables Nonreplacement Replacement P
group group

TSH -1.1£19.3 -0.5+3.4 0.433

T4 2.5+14.7 -0.3+1.1 0.016

Vitamin D 2.1+3.5 15.8+30 <0.001

TPOAb -15.0+63.4 -15.8+75.2 0.060

TGAb -62.4+340 -56.7+257.6 0.377

Data are expressed as mean+SD. @Mann-Whitney U-test was used for comparisons
between the groups for all variables. TPOAb = Thyroid peroxidase antibody;
TgAb = Thyroglobulin antibody; TSH = Thyroid-stimulating hormone; SD = Standard
deviation; fT4 = Free T4
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DISCUSSION

In this study, thyroid antibody titers were significantly
decreased following Vitamin D replacement therapy.
However, there were no differences in Vitamin D level
associated with thyroid function. In addition, we found
no difference between GD and HT in terms of Vitamin D
levels in this study.

In literature, the majority of autoimmune diseases with
different pathophysiologies were demonstrated to be
associated with low Vitamin D levels such as RA, IBD, and
AITD.[2021 Thyroid diseases, particularly the AITDs, are
nearly the most common endocrine abnormality in clinical
practice.” The pathogenesis of AITD has been suggested
to be multifactorial, including genetic, environmental, and
hormonal factors such as Vitamin D deficiency.”! Although
not yet clear, numerous associations among Vitamin D
and AITD have been shown. Wang et al. showed that the
serum Vitamin D levels were lower in AITD patients when
compared to healthy control individuals. In addition, the
patients who had Vitamin D deficiency were more likely
to develop AITD. Tamer ef al. revealed that Vitamin D
insufficiency (<30 ng/dl) was more commonly found in
patients with HT than in controls.” In another study,
Vitamin D levels were detected to be lower in patients with
AITDs than in healthy volunteers.l'? Inversely, another
study revealed a poor relationship between Vitamin D and
AITDs."™ In this study, Vitamin D levels of the patients
with AITD were below normal reference ranges. We
evaluated HT and GD together in concordance with the
literature due to an insufficient number of patients. When
the groups were compared in their own, we found that
TPO-Ab and TgAb levels were significantly decreased by
the replacement therapy in the statistical analysis of two
related groups with Wilcoxon test. However, we did not
find any difference between groups in terms of antibody
levels in two different group analysis with independent
samples’ t-test. However, we think that this situation is not
a true contradiction. Because we made two measurements
including before and after treatment for each patient, two
related group analysis in Table 2 have more accurate results.
Finally, we can claim the existence of a relationship between
Vitamin D and AITDs.

There are several studies regarding the effects of Vitamin D
replacement therapy on autoimmunity with many of them
focusing on thyroid autoimmunity. Agmon-Levin et al.
revealed that in patients with systemic and organ-specific
autoimmune diseases, Vitamin D levels were found to
be lower when compared to healthy subjects and that
Vitamin D supplementation had beneficial effects on
autoimmune diseases.™ The positive effect of Vitamin D
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supplementation on the treatment or prevention of AITDs has
also been shown in experimental animal studies. In a recent
study, mice that had developed experimental autoimmune
thyroiditis recovered by 44.4% after administration of
low-dose Vitamin D. In addition, that study revealed that
following Vitamin D replacement therapy, the severity of
histological lesions was reduced up to 26% in mice that
had experimentally AITD.? Our study design was the first
study in literature that evaluated the effect of Vitamin D on
thyroid antibodies in humans. We suggest administration of
Vitamin D in patients with AITDs and Vitamin D deficiency
as it has beneficial effects on thyroid autoimmunity. For this
reason, Vitamin D replacement may be suggested as an
auxiliary treatment for AITDs.

The role of Vitamin D as an immunemodulator has been
reported in recent studies, and low levels of Vitamin D
have been observed in several autoimmune diseases such
as RA, IBD, and AITDs.[*%2271 One recent study reported
an association between Vitamin D deficiency and the
presence of antithyroid antibodies.'! Shin et al. revealed
a negative association between 25(0OH) D3 and TPO-Ab
levels and further demonstrated that low 25(OH) D3 may
be a possible risk factor for TPO-Ab positivity.” Kivity et al.
reported that Vitamin D deficiency was associated with high
levels of TgAb.["1 We revealed that Vitamin D deficiency
may be a potential risk factor in terms of TgAb and
TPO-AD positivity. The relationship between inflammatory
cytokines and AITDs is well-known.! Taking into
consideration the immunemodulator effect of Vitamin D
on inflammatory responses and autoimmunity, such reports
support the possible relationship between AITDs and
Vitamin D deficiency.?**I This study has not demonstrated a
relationship between Vitamin D levels and thyroid function.
This result has two possible explanations: First, the study
time was relatively short. If we could follow-up with the
patients for a longer duration, TSH levels may be assayed
differently. Second, Vitamin D deficiency is more closely
associated with antithyroid antibody titer rather than
thyroid function. This study could be performed for only
a limited time (1 month) due to ethical reasons. Therefore,
results indicated only changes in thyroid antibodies.
Studies with longer durations are necessary to reflect TSH
half-times to determine thyroid hormone levels. Finally,
Vitamin D seems to play a potential immunemodulator role
in autoimmune thyroiditis according to the data gathered
during the present study.

A major limitation of our study is a very short period of
intervention. Other limitations were small sample size,
the short study period, and having participants from the
same geographical region with similar dressing habits and
ethnicity, which may have affected Vitamin D levels.
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CONCLUSION

Vitamin D deficiency may contribute to the pathogenesis
of AITDs. The molecular mechanism should be further
investigated to clarify the causal relationship between
the Vitamin D level and autoimmune thyroiditis. Since
supplementation of the Vitamin D decreased thyroid
antibody titers in the present study in Vitamin D deficient
subjects, in the future Vitamin D may become a part of
AITDs’ treatment, especially in those with Vitamin D
insufficiency. Further clinical and experimental studies are
required to understand the mechanisms of AITD and results
of Vitamin D replacement treatment on the pathogenesis of
AITD and thyroid functions.
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