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Abstract

Objective: To perform a meta-analysis of randomized controlled trials to evaluate the efficacy of
vitamin D supplementation on thyroid autoimmunity markers in Hashimoto’s thyroiditis (HT).
Methods: This meta-analysis included randomized controlled clinical trials identified by a sys-
tematic search of electronic databases (PubMed®, MEDLINE®, EMBASE, The Cochrane Library,
China National Knowledge Infrastructure) from inception to August 2020. All studies included
patients with HT that received vitamin D supplementation irrespective of the doses administered
or the duration of treatment. The primary and secondary outcome measures were thyroid
peroxidase antibody (TPOAb) and/or thyroglobulin antibody (TGADb) titres.

Results: Eight studies (n = 652) were included. There was significant heterogeneity between the
studies. Using a random-effect model, vitamin D supplementation reduced TPOADb titre
(standardized mean difference [SMD]: —I.11; 95% confidence interval [CI]: 1-1.92, —0.29) and
TGADb titre (SMD: —1.12; 95% Cl: —1.96, —0.28). A subgroup analysis demonstrated that vitamin D
supplementation for >3 months resulted in a decrease in TPOADb titre (SMD: —1.66, 95% ClI:
—2.91, —0.41) but treatment <3 months was ineffective. Treatment with vitamin D3 decreased
TPOAD titre (SMD: —1.48; 95% Cl: —2.53, —0.42) whereas vitamin D did not.

Conclusion: These data suggest that vitamin D reduces autoantibody titre in patients with HT.
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Introduction

Hashimoto’s thyroiditis (HT), also known
as autoimmune thyroiditis and first
described in 1912 by Hakaru Hashimoto,
is the leading cause of primary hypothy-
roidism."? Its incidence is estimated to be
0.3—1.5 per 1000 people per year and it is
5-10 times more common in women than
men.® The disease is characterized by the
presence of thyroid autoantibodies against
thyroid peroxidase or thyroglobulin.* The
antibody titre levels are positively correlat-
ed with hypothyroidism,’but there is no
specific drug to reduce the antibody titre.

Vitamin D plays an important role in
immune and endocrine processes. For
example, a recent meta-analysis involving
26 observational studies found that the
25-hydroxyvitamin D (25(OH)D) level was
significantly lower in patients with HT than
in healthy controls.® The effect of vitamin D
on immunity in patients with HT patients
remains obscure. Some studies found that
after supplementation with 25(OH)Ds in
patients with HT with vitamin D deficiency,
the titre of thyroid autoantibodies
decreased significantly, suggesting that vita-
min D treatment could delay the develop-
ment of hypothyroidism.” ' Other studies,
however, reached the opposite conclusion
that there was no significant effect on thy-
roid autoantibodies after supplementation
with vitamin D in patients with HT.'*>'*
This current study aimed to systematically
evaluate the effect of vitamin D on
thyroid autoimmunity markers in patients
with HT.

Materials and methods

Study methods

This meta-analysis was performed accord-
ing to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.'® It was registered
into PROSPERO (CRD42020206000).
This current study strictly followed a pre-
set protocol.

Data source and search strategy

A systematic search of publications listed
in electronic  databases  (PubMed®,
MEDLINE®, EMBASE, The Cochrane
Library, China National Knowledge
Infrastructure [CNKI]) from inception to
August 2020 was undertaken using a set
of key words. The full search strategy
for PubMed® was: (“hashimoto disease”
[MeSH Terms] OR “hashimoto struma”
[Title/Abstract] OR “hashimotos syn-
drome”[Title/Abstract] OR “chronic
lymphocytic thyroiditis” [Title/Abstract]
OR “hashimotos disease” [Title/Abstract])
AND (“vitamin D” [MeSH Terms]
OR “Ergocalciferols” [MeSH Terms] OR
“Cholecalciferol”  [Title/Abstract] OR
“Hydroxycholecalciferols” [Title/Abstract]
OR “Ergocalciferols” [Title/Abstract] OR
“25-hydroxyvitamin ~ D3”[Title/Abstract]
OR “Dihydrotachysterol” [Title/Abstract])
AND (“randomized controlled trials as
topic”[MeSH Terms] OR “clinical study”
[Publication Type] OR “clinical trial”
[Publication Type] OR “controlled clinical
trial’[Publication  Type]). The search
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strategies for the other databases are pre-
sented in the appendix file (see supplemen-
tary materials). The work was conducted by
two researchers (J.Z. & Y.C.) independently
to ensure a comprehensive screening. No
language restrictions or limitations were
applied. A manual review of the reference
lists from primary or review articles was
undertaken to identify any additional rele-
vant studies.

Study selection

Studies were considered eligible for inclu-
sion if they met the following criteria:
(i) study design: randomized controlled
clinical trials; (ii) population: patients with
HT; (iii) intervention: vitamin D to treat
HT, regardless of its doses and courses;
(iv) outcome variables: at least one of
either  thyroid peroxidase antibody
(TPOADb) and/or thyroglobulin antibody
(TGADb) titres. Studies were excluded
based on the following criteria: (i) duplicate
studies; (i) case reports, conference
abstracts or reviews; (iii) trials tested in ani-
mals; (iv) TPOAb or TGAD titres were not
included in the results.

Data extraction and quality evaluation

Important information from each study
was extracted as follows: authors, publica-
tion year, country, sample size, mean age,
sex ratio, intervention time and measures,
levothyroxine (LT4) intake and main
outcomes. Two independent researchers
(J.Z. & Y.C.) extracted the relevant data
from the articles using the same standard.
Any disagreement was resolved by discus-
sing with a third researcher (H.L.).

Two researchers (J.Z. & Y.C.) indepen-
dently evaluated the methodological quality
of the eligible trials using the Cochrane
Collaboration Risk of Bias tool Statistical
analysis. The study quality assessment cov-
ered: (i) random generation; (ii) allocation

concealment; (iii) blinding of participants
and personnel; (iv) blinding of outcome
assessment; (v) incomplete outcome data;
(vi) selective reporting; (vii) other factors
that could impact the bias of studies such
as the equality of baseline data between
groups in the studies.

Statistical analyses

All analyses were undertaken using Stata®
software (version 14.0; Stata Corporation,
College Station, TX, USA). Continuous
variables were evaluated using standardized
mean difference (SMD) and 95% confi-
dence interval (CI). In two-tailed tests, a
P-value <0.05 was considered statistically
significant. The y°-test and I° statistics
were used to test for heterogeneity. If
there was heterogeneity (P<0.05, I*
>50%) in the results, a random-effect
model was used. Otherwise, a fixed-effect
model was used. If there was significant
heterogeneity, a subgroup analysis was con-
ducted using two factors (treatment dura-
tion, form of vitamin D administration) to
find the source of the heterogeneity.
Sensitivity analysis was made to test the
stability of the primary outcomes. Begg’s
test was also used to evaluate publication
bias. P<0.10 indicated the presence of
publication bias.

Results

A flowchart showing the selection process
for eligible studies is shown in Figure 1.
Initially, 345 relevant articles were retrieved
from five databases (PubMed®: 105;
EMBASE: 11; The Cochrane Library: 21;
MEDLINE®: 40; CNKI: 168). Of these,
153 duplicate studies were removed. Of
the remaining 192 articles, 168 were exclud-
ed after reading the titles and abstracts.
After reviewing the full text of 24 articles,
eight eligible randomized controlled trials
were included in the meta-analysis.” '
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Figure I. Literature search and study selection flowchart.

The study characteristics are shown in
Table 1.7'* These eight studies involved
652 patients with HT, including 332 in the
intervention groups and 320 in the control
groups. All were published between 2015
and 2020, with study periods ranging from
4 to 24 weeks. Among them, one study eval-
uated only females;'? and fours studies eval-
uated the effect of LT4 tablets.® '

The bias assessment of all eight trials is
detailed in Figure 2. The Cochrane risk of
bias tool was used to assess the risk of bias
of each study. Three studies explicitly
described the random sequence generated
by a random number table or block ran-
domization. The other studies only men-
tioned the word ‘randomization’, thus
their bias was considered to be ‘unclear’.
Three articles described the ways of

allocating concealment by sealed drug
boxes and packages, thus their bias was
assessed as ‘low risk’ for ‘allocation
concealment’. The other studies did not
mention if there was any allocation conceal-
ment. Only three studies used dummy pla-
cebos and neither patients nor researchers
knew the grouping. Both TPOAb and
TGADb were laboratory indicators, so all
eight studies had a blinded outcome assess-
ment. No patients were lost to follow-up or
dropped out in five studies, thus their bias
was assessed as ‘low risk’ for ‘incomplete
outcome data’. Three studies reported that
patients were lost to follow-up and discon-
tinued intervention, therefore these studies
were regarded as having a high risk in this
domain. All included studies showed a low
bias risk in ‘selective reporting’ because
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Figure 2. Risk of bias graph and summary of bias
assessment of the eight randomized controlled
trials included in a meta-analysis of the effect

of vitamin D supplementation on thyroid
autoimmunity markers in patients with Hashimoto’s
thyroiditis (HT).”~"* The colour version of this
figure is available at: http://imr.sagepub.com.

their statistical outcomes were prespecified
in the protocol.

All eight studies reported data on
TPOAMD, but there was significant heteroge-
neity (y>=150.02; *=95.3%, P<0.001)
(Figure 3) so a random-effect model was
used.” ' The pooled evidence showed that
vitamin D supplementation was effective in
reducing the TPOAb titre (SMD: —1.11;
95% CI: -1.92, -0.29; P=0.008).

A subgroup analysis was performed
based on treatment duration. The results
showed that vitamin D supplementation
could decrease TPOAD titre in the sub-
groups in whom the treatment duration
>3 months (SMD: -1.66, 95% CI: -2.91,
—0.41; P=0.009), but not in the subgroups
in whom the treatment duration was <3
months (SMD: -0.16; 95% CI. -0.51,
0.20; P=0.392) (Figure 4A).

A subgroup analysis was performed
based on the form of vitamin D administra-
tion. The results showed that vitamin D
supplementation could decrease TPOAb
titre in the subgroups that were treated
with vitamin D3 (SMD: -1.48; 95% CI:
—2.53,-0.42; P=0.006), but not in the sub-
groups that were treated with vitamin D
(SMD: -0.01; 95% CI. -0.35, 0.32;
P =0.945) (Figure 4B).

Six studies provided data on TGAD, but
there was  significant  heterogeneity
(> =75.12; I *=93.3%, P <0.001) (Figure
5) so a random-effect model was used.” '
The pooled evidence showed that vitamin D
supplementation was effective in reducing
the TGAb titre (SMD: -1.12; 95% CI:
-1.96, —0.28; P=0.009). Due to limited
data, no subgroup analysis and meta-
regression analysis were performed.

Sensitivity analyses were performed to
examine the influence of each individual
study on the overall effect size. The effect
sizes after one-by-one elimination were all
within the 95% CI of the total effect
size, indicating that the results of this
meta-analysis were stable and reliable
(Figure 6).

Begg’s test was used to measure publica-
tion bias. The TPOADb results showed
Z=1.61.pr>|Z|=0.108, suggesting no obvi-
ous publication bias in the references includ-
ed in this meta-analysis (Figure 7). The
TGADb results showed Z=0.00.pr> |Z|=
1.000, suggesting no significance and no
obvious bias.


http://imr.sagepub.com

Zhang et al. 7
Study %
D SMD (95% CI) Weight
;
Han (2015) _— ! 327 (-404,-250) 1188
Simsek (2016) — 008 (-0.35,062) 1279
1
Zhao (2016) — 427 (1.98,-055)  12.04
Anaraki (2017) : — 0.15(-068,0.37) 1258
Knutsen (2017) - 015 (0.15,046)  13.03
1
Chahardoli (2019) 'e—._ -0.57 (-1.20, 0.06) 12.29
.
Yin (2019) — A61(207.4116) 1276
Jia (2020) — 240 (291.-188) 1262
:

Overall (l-squared = 95.3%, p = 0.000)

<>

NOTE: Weights are from random effects analysis

111(-1.82,-020)  100.00

-4.04 0

T
4.04

Figure 3. Forest plot showing the effects of vitamin D supplementation on thyroid peroxidase antibody
titre in patients with Hashimoto's thyroiditis using a random-effect model.”~"*
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Figure 4. Forest plots showing subgroup analyses of the effects of vitamin D supplementation on thyroid
peroxidase antibody titre in patients with Hashimoto’s thyroiditis: (a) subgroup analysis based on treatment

duration; (b) subgroup analysis based on the form of vitamin D administration.

Discussion

Hashimoto’s thyroiditis is characterized by
specific immune responses against the thy-
roid gland, which usually manifests as
increased levels of serum TPOAb and
TGADb.* In general, the antibody titre is
positively correlated with the extent of

7-14

hypothyroidism.” The present meta-
analysis demonstrated that vitamin D sup-
plementation could reduce TPOAb and
TGAD titres in patients with HT. A meta-
analysis of six randomized controlled trials
published in 2018 showed that vitamin D
supplementation could decrease serum
antibody titres in patients with HT in the
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Figure 6. Sensitivity analyses of the included studies: (a) sensitivity analysis for the studies about the effect
of vitamin D supplementation on thyroid peroxidase antibody titre; (b) sensitivity analysis for the studies
about the effect of vitamin D supplementation on thyroglobulin antibody titre.””'

short-term (approximately 6 months).'®
This current meta-analysis evaluated addi-
tional recent randomized controlled trials
and reached a similar conclusion.'® This
current meta-analysis showed that taking
vitamin D3 was more effective than taking
vitamin D, but this finding needs to be dem-
onstrated by more randomized controlled
trials.

Hashimoto’s thyroiditis is characterized
by the homing of leukocytes, such as cluster

of differentiation (CD) 4" T cells, cytotoxic
T lymphocytes, B cells and natural killer
cells, to the thyroid gland.'” These leuko-
cytes proceed to destroy thyroid follicular
cells via antibody-dependent cytotoxicity
and/or apoptosis.'® Once the type 1 helper
T (Thy) cell/type 2 helper T (Th,) cell
immune balance is disrupted, Th; cell-
dominated cellular immunity is initiated,
which is the main mechanism of the patho-
genesis of HT." Moreover, complement is
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(a) Begg's funnel plot with pseudo 95% confidence limits

SMD

2
s.e. of SMD

(b)

SMD

Begg's funnel plot with pseudo 95% confidence limits

2
s.e. of. SMD

Figure 7. Begg’s method for investigating publication bias: (a) Begg’s funnel plot of the publication bias for
studies about the effect of vitamin D supplementation on thyroid peroxidase antibody titre; (b) Begg’s funnel
plot of the publication bias for studies about the effect of vitamin D supplementation on thyroglobulin
antibody titre. SMD, standardized mean difference; s.e., standard error. "4

activated and thyroid autoantibodies are
produced, leading to thyroid follicular cell
damage and ultimately hypothyroidism.*
TGAD and TPOAD are two types of thyroid
tissue autoantibodies, the levels of which
are positively associated with the severity
of thyroid inflammation and hypothyroid-
ism.>! In particular, TPO, a key enzyme
located in thyroid cells, is involved in iodin-
ated tyrosine synthesis, iodinated tyrosine
coupling and other processes.> TPO is the
most important autoantigen involved in the
induction of autoimmune thyroid dis-
ease.”> 2> TGAb and TPOAD positivity,
especially almost 100% positivity for
TPOAD, is one of the necessary criteria
for the diagnosis of Hashimoto’s encepha-
lopathy.>*? However, it has not been
determined whether antithyroid antibodies
play a direct role in the pathogenesis of
Hashimoto’s encephalopathy or simply
serve as a marker of autoimmune reactivi-
1y 2629

As an active form of vitamin D, 1,25-
dihydroxyvitamin D3 can cooperate with
vitamin D receptors to regulate calcium
and phosphorus metabolism, control the
proliferation and differentiation of cells
and generate immunomodulatory effects.*”
1,25 (OH),D;  down-regulates  the

expression of the major histocompatibility
complex class II and stimulating molecules
(CD40, CD80, CD86), increases the pro-
duction of interleukin (IL)-10 and reduces
the secretion of IL-12, thus repressing the
Th; cell immune response.3 ' In contrast,
1,25(OH),D;3 inhibits plasma cell genera-
tion, memory cell formation and subse-
quent secretion of immunoglobulin (Ig)G
and IgM by activated B cells.** Vitamin D
also regulates regulatory B (B,,) cells
involved in immunological tolerance by
producing IL-10, IL-35 and transforming
growth factor-£.** Therefore, these current
findings suggest that the effect of vitamin D
supplementation in reducing thyroid tissue
autoantibodies may be related to its regula-
tion of immune function.

This current meta-analysis had several
limitations as follows: (i) the power of the
analysis may be restricted because of the
limited study numbers and population
sizes; (i1) there was significant heterogeneity
among the included studies; (iii) most of the
included studies were conducted in China,
which affects the extrapolation of the con-
clusions to other populations to some
extent; (iv) only published data were includ-
ed, which may lead to a reporting bias by
overestimating the effect of vitamin D.
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The findings of this current meta-analysis
suggest that vitamin D supplementation
reduces TGAb and TPOAD titre in patients
with HT. The effect was increased if patients
received vitamin D; and the duration of
treatment was >3 months. More random-
ized, double-blind, placebo-controlled trials
with longer follow-up durations are required
to confirm these preliminary findings.
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