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Abstract
Purpose The impact of vitamin D supplementation on thyroid function is not clear and the relationship between hypovi-
taminosis D and autoimmune thyroiditis (ATD) incidence and evolution is still a matter of debate. The aim of this study was
to retrospectively evaluate the impact of vitamin D supplementation on thyroid function in subjects with and without ATD.
Methods One hundred and ninety-eight euthyroid subjects, with diagnosis of “hypovitaminosis D” (<30 ng/mL) who had
been taking supplementation therapy with cholecalciferol for different time periods, were included. They were divided in
two groups according to the previous diagnosis of ATD: “ATD-neg” group including subjects without ATD [n= 103
(52%)]; “ATD-pos” group including subjects with a confirmed diagnosis of ATD [n= 95 (48%)]. For both groups, we
considered TSH and 25 hydroxyvitamin D (25OHD) levels before (T0) and after (T1) cholecalciferol supplementation. We
also considered the treatment duration and the monthly dose of cholecalciferol expressed as IU/month.
Results In hypovitaminosis D subjects with ATD, TSH levels significantly decreased after therapy with cholecalciferol
100.000 IU/month [mean ± SD, TSH at T0: 2.67 ± 1.21 vs. TSH at T1: 2.28 ± 0.86, p= 0.028]. No significant TSH variation
was observed in ATD-neg group, irrespective of treatment dose and duration. As expected, 25OHD levels significantly
improved with all monthly doses and especially in the group receiving 100.000 IU/month.
Conclusions Cholecalciferol supplementation improved thyroid function in euthyroid ATD-pos subjects affected with severe
hypovitaminosis D. In particular, a significant reduction in TSH levels was observed in subjects with very low baseline
25OHD levels, after taking high monthly doses of cholecalciferol.
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Introduction

Vitamin D is a secosteroid molecule, whose primary func-
tion is bone metabolism and calcium and phosphorus
homeostasis [1]. However, in the last years, extra-skeletal
effects of vitamin D became relevant. The relevance of
vitamin D in diseases such as hypertension, diabetes, car-
diovascular diseases, autoimmune diseases, and cancer has

been investigated by several authors, with most evidence
suggesting a protective role of vitamin D for these condi-
tions [2]. This can be due to the effects of vitamin D sup-
plementation, in the setting of vitamin D deficiency, on the
expression of genes involved in the pathogenesis of these
diseases [3]. The determination of vitamin D status is based
on the measurement of the prohormone 25 hydroxyvitamin
D (25OHD) rather than on serum 1,25-dihydroxyvitamin D,
which is not useful in clinical practice. Indeed, serum
25OHD is the most stable and abundant metabolite of
vitamin D in human serum and has a half-life of about
3 weeks, making it the most suitable indicator of whole-
body vitamin D status [4]. The definition of vitamin D
deficiency or insufficiency based on 25OHD levels is still a
matter of much debate. The Endocrine Society, based on
observational studies and clinical trials on populations at
high risk for vitamin D deficiency, applies a cutoff value of
30 ng/mL to define optimal vitamin status, while vitamin D

* Andrea Corsello
andreacorsello92@gmail.com

1 Endocrinology Unit, Fondazione Policlinico “Gemelli” IRCCS,
Università Cattolica del Sacro Cuore, Largo Gemelli 8, I-00167
Rome, Italy

2 Scuola di Specializzazione in Scienza dell’Alimentazione,
Università di Roma Tor Vergata, Via Montpellier 1, I-00133
Rome, Italy

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1007/s12020-020-02274-9&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12020-020-02274-9&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12020-020-02274-9&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12020-020-02274-9&domain=pdf
http://orcid.org/0000-0001-8167-4338
http://orcid.org/0000-0001-8167-4338
http://orcid.org/0000-0001-8167-4338
http://orcid.org/0000-0001-8167-4338
http://orcid.org/0000-0001-8167-4338
mailto:andreacorsello92@gmail.com


insufficiency is reported as a 25OHD of 21–29 ng/mL and
vitamin D deficiency as a 25OHD <20 ng/mL [5]. More
recent studies investigating the target level of 25OHD,
propose a cutoff value of 20 ng/ml as “acceptable” and state
that a more appropriate cutoff to define vitamin D defi-
ciency would be lower (i.e., 12.5 ng/ml) [6].

The role of vitamin D in thyroid diseases has been
widely discussed. Animal studies have shown that vitamin
D treatment prevents the development of autoimmune
thyroiditis and improves the inflammatory status of the
gland by modulating autoantibodies production and cyto-
kines expression [7]. Furthermore, lower serum 25OHD
levels have been detected in individuals with autoimmune
thyroiditis (ATD) compared with healthy controls, sug-
gesting that ATD was more likely to develop in the setting
of hypovitaminosis D [8]. Consistent with this, some studies
claim a significant correlation between the severity of
vitamin D deficiency and thyroid volume and antibody
levels [9]. However, other studies fail to find any link
between these two conditions [10, 11].

The impact of vitamin D supplementation on thyroid
function itself is also relatively unknown. Very few studies
investigating the therapeutic effect of vitamin D on TSH
levels have been reported in the literature [12]. Considering
the paucity and heterogeneity of data on the correlation
between vitamin D supplementation and TSH levels, in the
present study we aim to retrospectively evaluate the impact
of vitamin D supplementation on thyroid function.

Materials and methods

In this retrospective study, a total of 198 euthyroid subjects
were included. Their medical records were collected from
the archives of the Department of Endocrinology of the
“Fondazione Policlinico Agostino Gemelli Hospital—
IRCCS”. We selected euthyroid subjects with diagnosis of
“hypovitaminosis D” (25OHD <30 ng/mL) who had been
taking supplementation therapy with cholecalciferol for
different time periods, between January 2015 and
January 2019.

Exclusion criteria were:

(1) Concomitant pregnancy;
(2) Concomitant diseases interfering with vitamin D

metabolism (primary hyperparathyroidism, Cushing’s
syndrome);

(3) Previous thyroid surgery;
(4) Concomitant therapy with levothyroxine, methima-

zole, amiodarone or other medications affecting
thyroid function and interfering with TSH, such as
steroids, somatostatin analogues, and metformin.
Subjects assuming antiepileptic drugs were also

excluded since it is well-known that these drugs
affect serum vitamin D levels [13];

(5) Use of supplementation different from cholecalciferol
for the treatment of hypovitaminosis D.

The study population (n= 198) was divided in two
groups based on the previous diagnosis of “autoimmune
thyroiditis” (ATD): “ATD-neg” group includes subjects
without ATD [n= 103 (52%)]; “ATD-pos” group includes
subjects with a confirmed diagnosis of ATD [n= 95 (48%)]
based on the positivity of anti-thyroperoxidase auto-
antibodies (TPO-Ab) and/or anti-thyroglobulin auto-
antibodies (Tg-Ab), associated with ultrasonographic
features of thyroiditis.

For both groups we considered sex, age, TSH levels, and
25OHD levels before starting cholecalciferol supplementa-
tion (T0, baseline evaluation) and TSH levels and 25OHD
levels after reaching an adequate vitamin D supplementa-
tion (T1, target evaluation), which has been considered as a
25OHD >30 ng/ml, in line with the Endocrine Society
guidelines [5]. Furthermore, we also considered the interval
between baseline and target evaluation (time interval), that
had to be between 3 months and a maximum of 3 years, and
the mean monthly dose of cholecalciferol used for treatment
(expressed as IU/month).

The study was approved by the local ethics committee
and carried out according to Helsinki declaration.

The primary outcome of our study was to investigate if
there were significant variations in TSH values after ther-
apy with cholecalciferol, and if there were differences
between subjects with and without ATD. The secondary
outcome was to investigate whether variations in TSH
could be related to a specific monthly dose of
cholecalciferol.

Statistical analysis

Data are presented as means ± standard deviation. The
normal distribution was verified by test of
Kolmogorov–Smirnov. Paired-samples-T test was used for
analysis of continuous variables. Statistical significance was
set at p < 0.05.

Results

Sample description

A total of 103 ATD-neg and 95 ATD-pos subjects were
included in the statistical analysis. No significant difference
in terms of age and sex was observed between the two
groups. The characteristics of the study population are listed
in Table 1
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Results in ATD-neg and ATD-pos subjects together

The first statistical analysis was performed considering the
entire study population (ATD-neg + ATD-pos: n= 198).
Comparison of baseline (T0) and post-treatment (T1) TSH
and 25OHD levels is shown in the Table 2. No significant
variation in TSH levels (p= 0.43) was observed, while
25OHD levels increased from baseline to target as
expected.

All subjects were then divided in three groups according
to the monthly IU of vitamin D taken: 69 subjects in group
1 (0–25.000 IU/month), 81 subjects in group 2
(26.000–99.000 IU/month), and 48 subjects in group 3
(100.000 IU/month). No significant difference in TSH
levels before and after treatment with vitamin D was
observed in any group. As expected, 25OHD levels sig-
nificantly improved with all monthly doses and especially in
the group receiving 100.000 IU/month (Table 3).

To investigate the impact of the length of therapy, a
further division according to the years of cholecalciferol
administration was performed: 46 subjects (23.2%) up to
1 year, 96 subjects (48.5%) between 1 and 2 years, and
56 subjects (28.3%) over 2 years of therapy. TSH levels,
considering the entire population (ATD-neg+ ATD-pos),
did not change significantly in any of the three
subgroups.

Results in ATD-neg vs. ATD-pos subjects

To evaluate whether vitamin D therapy has a different impact
on TSH according to ATD status, the two groups (ATD-neg
and ATD-pos) were investigated separately. No significant
change in TSH was observed in the two groups before (T0) and
after (T1) treatment with vitamin D overall (Table 4).

After dividing the subjects according to the monthly IU of
vitamin D as mentioned previously, no significant TSH var-
iation was observed in ATD-neg group (Table 5). On the
contrary, in ATD-pos group a significant variation in TSH
levels emerges in the subgroup taking 100.000 IU/month of
vitamin D (n= 22). In fact, TSH levels significantly decreased
after therapy with cholecalciferol [mean ± SD, TSH at T0:
2.67 ± 1.21 vs. TSH at T1: 2.28 ± 0.86, p= 0.028] (Table 6).

After dividing the subjects according to the length of
therapy, no significant difference in TSH was observed in
ATD-neg or ATD-pos group (Table 7).

Table 2 Comparison of baseline (T0) and post-treatment (T1) TSH
and 25OHD levels in the entire population. (25OHD: 25
hydroxyvitamin D)

T0 T1 p

TSH (mcU/ml) 1.95 ± 1.11 1.89 ± 1.10 0.43

25OHD (ng/ml) 18.75 ± 6.81 31.98 ± 8.40 <0.0001

Table 1 Study population
characteristics

Total (198 patients)

Age

49 ± 15

ATD-pos ATD-neg p

48 ± 14 51 ± 14 0.13

0–25.000 IU 26.000–99.000 IU 100.000 IU p 0–25.000 IU 26.000–99.000 IU 100.000 IU p

50 ± 16 46 ± 13 49 ± 16 0.52 49 ± 14 51 ± 14 55 ± 16 0.14

Female sex

180 (91%)

ATD-pos ATD-neg p

87 (93%) 93 (88%) 0.22

0–25.000 IU 26.000–99.000 IU 100.000 IU p 0–25.000 IU 26.000–99.000 IU 100.000 IU p

33 (97%) 47 (92%) 7 (88%) 0.51 38 (95%) 44 (89%) 11 (79%) 0.19

BMI

23 ± 5

ATD-pos ATD-neg p

22 ± 4 23 ± 4 0.64

0–25.000 IU 26.000–99.000 IU 100.000 IU p 0–25.000 IU 26.000–99.000 IU 100.000 IU p

22 ± 2 24 ± 4 21 ± 3 0.42 23 ± 5 23 ± 3 24 ± 2 0.19
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Table 3 Comparison of baseline
(T0) and posttreatment (T1)
TSH and 25OHD levels in the
entire population, divided
according to monthly dose of
cholecalciferol administered

0–25.000 IU/month (69 pts) 26.000–99.000 IU/month (81 pts) 100.000 IU/month (48 pts)

T0 T1 p T0 T1 p T0 T1 p

TSH (mcU/ml) 1.81 ± 1.09 1.84 ± 1.13 0.76 2.02 ± 1.11 1.92 ± 1.10 0.27 2.04 ± 1.21 1.98 ± 1.05 0.72

25OHD
(ng/ml)

23.94 ± 4.40 32.60 ± 7.21 <0.0001 17.71 ± 4.74 31.28 ± 9.11 <0.0001 7.09 ± 2.41 33.04 ± 8.82 <0.0001

25OHD 25 hydroxyvitamin D

Table 4 Comparison of baseline
(T0) and posttreatment (T1)
TSH and 25OHD levels in the
two subgroups (ATD-pos and
ATD-neg)

ATD-neg (103 pts) ATD-pos (95 pts)

T0 T1 p T0 T1 p

TSH (mcU/ml) 1.79 ± 1.13 1.77 ± 1.09 0.86 2.12 ± 1.08 2.03 ± 1.10 0.33

25OHD (ng/ml) 17.82 ± 6.96 33.36 ± 9.50 <0.0001 19.76 ± 6.52 30.49 ± 6.76 <0.0001

ATD autoimmune thyroiditis, 25OHD 25 hydroxyvitamin D

Table 5 Comparison of baseline (T0) and posttreatment (T1) TSH and 25OHD levels according to monthly dose of cholecalciferol administered in
ATD-neg group

0–25.000 IU/month (36 pts) 26.000–99.000 IU/month (41 pts) 100.000 IU/month (26 pts)

T0 T1 p T0 T1 p T0 T1 p

TSH (mcU/ml) 1.52 ± 1.01 1.61 ± 1.09 0.47 2.03 ± 1.19 1.88 ± 1.09 0.32 1.73 ± 1.12 1.84 ± 1.13 0.56

25OHD (ng/ml) 23.13 ± 4.53 33.01 ± 8.41 <0.0001 17.27 ± 4.39 33.06 ± 10.44 <0.0001 6.52 ± 2.52 35.09 ± 9.46 <0.0001

ATD autoimmune thyroiditis, 25OHD 25 hydroxyvitamin D

Table 6 Comparison of baseline (T0) and posttreatment (T1) TSH and 25OHD levels according to monthly dose of cholecalciferol administered in
ATD-pos group

0–25.000 IU/month (33 pts) 26.000–99.000 IU/month (40 pts) 100.000 IU/month (22 pts)

T0 T1 p T0 T1 p T0 T1 p

TSH (mcU/ml) 2.14 ± 1.09 2.09 ± 1.14 0.78 2.02 ± 1.05 1.94 ± 1.11 0.56 2.67 ± 1.21 2.28 ± 0.86 0.028

25OHD (ng/ml) 24.84 ± 4.13 32.15 ± 5.65 <0.0001 18.12 ± 5.04 29.63 ± 7.42 <0.0001 8.25 ± 1.79 28.94 ± 5.90 <0.0001

ATD autoimmune thyroiditis, 25OHD 25 hydroxyvitamin D

p-value marked in bold indicates that TSH levels significantly decreased in the subgroup taking 100.000 IU/month of cholecalciferol (statistical
significance for p < 0.05)

Table 7 Comparison of baseline (T0) and posttreatment (T1) TSH and 25OHD levels according to the length of cholecalciferol treatment in ATD-
pos group (A) and in ATD-neg group (B)

<1 year 1–2 years ≥2 years

T0 T1 p T0 T1 p T0 T1 p

(A)

TSH (mcU/ml) 2.72 ± 1.14 2.74 ± 1.24 0.91 2.09 ± 0.94 2.02 ± 0.91 0.62 1.75 ± 1.14 1.54 ± 1.08 0.19

25OHD (ng/ml) 17.12 ± 6.72 30.39 ± 6.04 <0.0001 20.76 ± 6.30 29.94 ± 29.94 <0.0001 19.82 ± 6.51 31.59 ± 7.18 <0.0001

(B)

TSH 1.79 ± 0.95 1.75 ± 0.87 0.70 1.95 ± 1.32 1.85 ± 1.21 0.51 1.53 ± 0.90 1.68 ± 1.12 0.38

Vit D 16.62 ± 8.33 34.54 ± 8.51 <0.0001 18.96 ± 5.81 33.87 ± 10.51 <0.0001 17.09 ± 7.24 31.42 ± 8.62 <0.0001

ATD autoimmune thyroiditis, 25OHD 25 hydroxyvitamin D
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Discussion

This study shows that in euthyroid subjects with auto-
immune thyroiditis (i.e., with positive antithyroid anti-
bodies, ATD-pos group) and hypovitaminosis D, TSH
levels decrease significantly after reaching target levels of
25OHD with high monthly doses of vitamin D (i.e.,
100.000 IU/month). We considered as endpoint target levels
of 25OHD >30 ng/ml, regardless of the time intercurrent to
reach this target. Interestingly, the variation of 25OHD
levels between T0 and T1 seems to have contributed to the
TSH reduction in this subgroup.

We enrolled only euthyroid subjects in order to avoid
possible confounding factors such as substitutive therapy
with levothyroxine for hypothyroidism, or antithyroid drugs
treatment for hyperthyroidism.

It is well-known that ATD is a chronic condition asso-
ciated with an increased risk of developing primary hypo-
thyroidism. The observation that TSH decreased after
reaching target 25OHD levels can be considered a “bene-
ficial” effect of cholecalciferol therapy. Interestingly, the
role of cholecalciferol in slowing down the risk of devel-
oping hypothyroidism in Hashimoto’s thyroiditis has
recently been pointed out by some authors. Ucan et al. [14]
claimed a positive effect of cholecalciferol treatment on
patients with Hashimoto’s thyroiditis, showing that 25OHD
levels are significantly lower in this condition and that
cholecalciferol administration determines a decrease in
autoantibodies levels, an increase in HDL levels and a
decrease in thyroid volume. Therefore, the treatment of
hypovitaminosis D seems to slow down the development of
hypothyroidism and to decrease the cardiovascular risks.

In our study, TSH levels decreased in ATD-pos subjects
after cholecalciferol supplementation of 100.000 IU/month,
whereas no significant variation of TSH was observed in
ATD-neg group after the same treatment. Thus, our find-
ings, on the one hand suggest that cholecalciferol is “more
effective” in subjects “at higher risk” to develop hypo-
thyroidism, on the other hand it supports the hypothesis of a
relevant role of cholecalciferol in the regulation of auto-
immune mechanisms. The latter is an indirect inference,
since our study considered serum TSH concentrations,
rather than thyroid autoantibodies.

On this topic, few studies are currently available in the
literature. A recent double-blind randomized clinical trial
[15] investigated the effect of the therapeutic dose of vita-
min D on circulating thyroid autoantibodies and thyroid
profile in Hashimoto’s thyroiditis patients treated with
levothyroxine and found a significant reduction in TSH and
Tg-Ab levels in the cholecalciferol-treated group. Two other
double-blind randomized placebo-controlled trials, quite
similar to each other in the study design, gave opposite
results [16, 17]. However, the short duration of the follow-

up and the different size of the groups analyzed, could have
contributed to not univocal results. Furthermore, fixed doses
of cholecalciferol were used. From this point of view, some
strengths of our study were the recruitment of a large series
of subjects who were not on levothyroxine therapy and the
decision to divide them also on the basis of vitamin D
intake, which allowed to highlight a significant correlation
between cholecalciferol intake and TSH levels. However,
the main limitation of our study is related to its retrospective
nature.

Furthermore, differently from the above-mentioned
trials, in our study we did not consider TPO-Ab and Tg-
Ab levels, and we preferred to focus on TSH determina-
tions. In fact, since in clinical practice we normally avoid
repeating thyroid autoantibodies dosage in known cases of
Hashimoto’s thyroiditis, it would have been problematic to
carry out a retrospective study taking into account this
variable. Furthermore, the significance of autoantibodies
levels in Hashimoto’s thyroiditis evolution is still ques-
tionable. Certainly, autoantibodies variations are unrelated
to TSH variations. On the contrary, TSH measurement is
quoted as the gold standard to evaluate thyroid function.

The reduction in TSH levels during cholecalciferol ther-
apy could be the result of different processes. An improved
thyroid function or a reduction of disease activity due to an
anti-inflammatory/immunomodulatory action of vitamin D
can be supposed. In fact, vitamin D regulates the differ-
entiation and the activation of CD4+ T lymphocytes, thus
preventing the development of an autoimmune response
[18]. Moreover, 1,25(OH)2D reduces the number of antigen-
presenting cells, has a direct immunosuppressive effect on
dendritic cells, and reduces the production of cytokines [19].
Furthermore, vitamin D could influence the thyroid gland
through a direct action on the central nervous system and the
thyrotropes. The existence of a relationship between vitamin
D and pituitary secretion of TSH had already been docu-
mented in the 80s, when Sar found that vitamin D receptors
are present in rat thyrotropes and argued that vitamin D
influences TSH secretion of pituitary thyrotropes by binding
to specific sites [20]. More recently, high vitamin D status
was found to be significantly associated with low circulating
TSH levels both in young individuals [21] and in middle-
aged or elderly men [22], thus confirming a close relation-
ship between vitamin D and serum TSH levels.

The most significant finding in this study is the relationship
between target vitamin D levels (at T1) and TSH reduction in
the group of subjects with ATD and hypovitaminosis D who
have been treated with a higher monthly dose of cholecalci-
ferol. Of note, 25OHD levels at T1 were not different in the
three subgroups of ATD-pos subjects receiving three different
monthly doses (Table 5), whereas the subgroup taking
100.000 IU/month started from lower levels of 25OHD and
higher TSH at T0. Interestingly, we have not observed
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significant differences in age, sex, or BMI between the three
subgroups that could explain the higher TSH. Thus, we could
speculate that the higher baseline TSH in the subgroup taking
100.000 IU/month might be secondary to the very low baseline
25OHD levels and that the reduction of TSH levels was
somewhat related to the variation of vitamin D levels between
T0 and T1. These results overall, suggest that subjects with
ATD and severe vitamin D deficiency might benefit more (in
terms of reduced TSH levels) from vitamin D supplementation
and in particular from relatively high doses of cholecalciferol
(i.e., 100.000 IU/month). In our opinion this is a particularly
interesting finding, which had never been reported previously.

Conclusions

In conclusion, the results of the present study suggest that
therapy with cholecalciferol may improve thyroid function
in euthyroid subjects with ATD and severe hypovitaminosis
D. In particular, a significant reduction in TSH levels can be
observed in subjects with very low vitamin D levels at
baseline (i.e., <10 ng/ml), taking high monthly doses of
cholecalciferol (i.e., 100.000 IU/month). Our results open
new perspectives toward a more rational use of vitamin D
supplementation in subjects affected with ATD. However,
clinical trials, free from the methodological bias common to
retrospective studies, are needed in order to investigate
further the role of vitamin D supplementation in either the
prevention or the improvement of ATD and more infor-
mation with regard to the best formulation, dose and timing
of supplementation are also needed.
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