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Abstract

Although emerging evidence suggests thatlvels of vitamin D may contribute to the devel
autoimmune disease, thalationship between vitamin D reduction and autoime thyroid dise:
which includes Graves’ disease (GD) and Hashimogmiditis (HT), is stillcontroversial. The
evaluate the association between vitamin D leaets AITD through systematic literature revie
all studies that assessed the association betweniv D and AITD from PubMed, Emba<eEkl
China National Knowledge Infrastructure (CNKI) dadaes. Wéncluded studies that compare
between AITD cases and contrals well as those that measured the odds of vit&naaficiency
status. We combined the standardized mean diffesef®8MD) or the odds ratios (OR) imaandol
model. Twenty case-control studies provided data fguantitative metanalysis. Compared to
patients had lower levels of 25(OH)D (SMD: -0.999%®CI: —1.31, ©.66) and were more likel
in 25(0OH)D (OR 2.99, 95% CI: 1.88, 4.74). Furthereysubgroumnalyses result showed that
patients also had lower 25(OH)D levels avete more likely to have a 25(OH)D deficiency, s
levels of serum 25(OH)D was related to AITD.

Keywords:. vitamin D, autoimmune thyroid disease, Graves’ age Hashimoto thyroiditis, meta

1. Introduction

Because an estimated one billion people worldwalestvitamin D deficiency or insufficiency]
become an important focus @irrent medical research. Although the biologicdivéies of vitan
mainly manifested in the regulation of calcium-ghtosrus metabolism, studiestime past 30 ye
vitamin D may play an important role in the immuaystem P,3]. Results show that 1,28ihydro
can either prevent or markedly suppress experirhantaimmunesncephalomyelitis, rheumatc
systemic lupus erythematosus, type 1 diabetesinflacdhmatory bowel diseaséd,p,6,7,8]. Clinici
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also shown that vitamin D supplements may redueenttidence ofheumatoid arthritis, multipl
type 1 diabetes in childred][ In the past two decades, vitamin D recepharge been found no
kidney, and intestine, but also in the immeystem (T and B cells, macrophages, and mono
system, endocrine system, muscles, brain, skinliaed[9], suggesting that the role of vitamir
to the skeletal system.

Recently, many studies have shown that low levieldtamin D contribute to Graves’ disea§gL
Hashimoto thyroiditis (HT) and that combining vitemD with antithyroid drugs or thyroid hori

to the treatment of autoimmuitigyroid disease (AITD) by suppressing the autoimengaction .
serum levels of thyroid autoantibodid$)[L1]. However, other authors have proposed ttaimir
does not increase the risk of AITD and is not aséed with early-stage AITDLR,13]. Because
between vitamin D levels and AITD is still controsial, we conducted a systematic review of the
studies that investigated the relationship betvweszam 25(0OH)D levels and AITD.

2. Methods

2.1. Bibliographic Search

A bibliographic search was performed on PubMed, &eICENTRAL, and China National Kr
Infrastructure (CNKI) (updated to ZBecember 2014) by two investigators (Jiying Wand &hi
the key words “vitamin D”, in combination with “aimmune thyroid disease”, “thyroautoimrmr
“Graves’ disease” or “Hashimoto thyroiditis”. Arles were onlyconsidered if they were in Eng

and were not hand-searched.

2.2. Eligibility Criteria and Excluded Studies

Articles were included in this meta-analysis if {i¢y described a population-based camatrol ¢
case group consisted of AITD patients anddtetrol group included healthy individuals; (3) t
measures reported quantitative vitamin D levelsafmeSD) and qualitative vitamin D levels (
deficiency); (4) the study was a high-quality stgy points according to the Cochras&lewca
Scale evaluation standard for case-control stydig$, and (5)was written in English or Chine:
the title and abstract, we excluded a study ifasvan animal dn vitro experiment, did natonta
(e.g., was a medical recapitulate), was not relet@dTD, did not contain data on vitamin D, o
control study, case reports, and studies consisfimgiplicate data. After reading the full tewie
the study if the comparator group did not confoonthierequirements (e.g., compared female
patients), duplicate publication, conference abstrano data about vitamin D level (mean + SD),
data, or it did not refer to AITD. Disagreement wasolved bydiscussion between the authors
Shishi Lv). If they could nateach a consensus, another investigator (Yong >as)aensulted re
disagreements.

2.3. Data Extraction

The following information was extracted from eathdy: the author, publication year, particig
(age, gender, number), season, type of serum vitBnaissay, serum vitamin D (reportechgf/m|
that reported vitamin D in nmol/L, we converted tadues to ng/mL by dividing by 2.4964]), tl
patients with vitamin D deficiency, the cut-off fdefining vitamin D deficiencyp value, andstuc
Information was independently extracted by Jiyingnyy and Gu&hen, and all data were con
author (Chenlin Gao).
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2.4. Statistical Method

For studies that reported quantitative vitamin elefor AITD participants and controls, we ct
standardized mean differences (SMD) in a randoettffmodel. For studies that reportelita
levels, we pooled the odds ratios (OR) in a randffectsmodel. We assessed statistical hete
tests and the?| statistic. Publication bias wassss=l using Egger’s tegt< 0.1 was considerec
publication bias). All analyses wetarried out using the commands metan and metabiasta
version 12.0 (Stata Corp).

3. Results

Our search identified 431 unique references, ottwHil1l didhot meet our inclusion criteria. W

Of the 20 included articles, 19 were used to amatgntinuous data on vitamin D levelsble J)
used to analyze dichotomous data on vitamin D ¢aefcy or no deficiency)l{able 3.

Figure 1
Flow diagram showing study selection.

- Table 1
=T == 549 Studies with continuous data on vitamin D level&lfiD and controls.

- Table 2
ii-f.-}:l--'i"-f""'ff? Studies with dichotomous data on vitamin D deficieand no deficiency
in AITD and controls.

Overall, most studies showed a higher prevalenegarhin D deficiencyand lower vitamin D le
patients compared with controls.

The meta-analysis of the continuous vitamin D byBistatus include@603 participants (1782
1821 controls). On average, AITD patieh&l lower levels of 25(OH)D compared to controls
95% ClI: -1.31, —0.66) fI 94.8%,< 0.01) Figure ). We foundevidence of publication bias a
Egger’s testg = 0.009).

Figure 2
Meta-analysis of studies (chronologically ordenegborting 25(OH)D

levels in autoimmune thyroid disease (AIT®) controls, standardized
mean difference with 95% confidence interval.

For the presence of vitamind&ficiency, nine studies totaling 994 AITD parteijs and 1035 (
included. AITD participants were more likely to teficient in 25(OH)D (OR2.99, 95% CI: 1.8t
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73.0%,p < 0.01) compared to their controlsdure 3. We foundevidence of publication bias ¢
Egger’s testf = 0.056).

Figure 3
Meta-analysis of studies (chronologically ordenegorting dichotomous

data on 25(OH)D levels in autoimmune thyroid dise@d TD) vs. controls
and estimated odds ratios (ORs) with 95% confidemesval.

To estimate the association between 25(0OH)D angédStalisease or Hashimoto thyroiditiespt
conducted subgroup analyses: On average, Grasessipatients had lower 25(OH)D compa
(SMD: -1.04, 95% CI: -1.52, -0.57Figure 4, and were morékely to have a 25(OH)D defici
95% CI: 1.86, 6.56)Higure 5. Likewise,Hashimoto thyroiditis patients had lower 25(OH) Dy
controls (SMD: -1.13, 95% CI: -1.64, -0.6E)dure §, and were morékely to have a 25(OH)
(OR 4.07, 95% CI: 2.12, 7.82Figure 7.

Figure 4
Meta-analysis of studies (chronologically ordenegborting 25(OH)D

levels in Graves'’s disease controls, standardized mean difference with
95% confidence interval.

Figure 5
Meta-analysis of studies (chronologically ordeneghorting dichotomous

outcomes of 25(OH)D levels in Graves’ diseeseontrols and estimated
ORs with 95% confidence interval.

Figure 6
Meta-analysis of studies (chronologically ordenegborting 25(OH)D

levels in Hashimoto thyroiditigs. controls, standardized mean difference
with 95% confidence interval.

Figure 7
Meta-analysis of studies (chronologically ordenegorting dichotomous

data of 25(OH)D levels in Hashimoto thyroiditss controls and estimated
ORs with 95% confidence interval.

4. Discussion

The association between low serum vitamin D andiauhunediseases has been generally a
researchers. Bellastella G. found taatomimmune disease patients showed 25(OH)D |egt
than healthy controls3p]. A metaanalysis of vitamin D receptor gene polymorphismg AlITD

significant correlation between certain vitamind2eptor gene polymorphisms (suctBasi and
autoimmune thyroid diseases], but no meta-analysis of serum vitamirldvels and AITD has
to date. In the present study, the se@5(OH)D was lower in AITD patients compared to kieg
individuals, and AITD was more likely to developindividuals who showed serum 25(OHgiei
which suggested that vitamin D deficiency may @ayle in the pathological process of AITD.
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AITD has been traditionally thougtd be related to unbalanced ratio of T helpertypik 1 (Thl
Graves’ disease occurs when a high proportion @f dgils are present asécrete the cytokine
and a complete lack of IL-4 has been shown to alei Graves’ disease in animal mods]] [ Cc
Hashimoto thyroiditis patientsave a high proportion of Th1l cells, which sectbtecytokine IFI
studies showed the secretion of cytokines from Tikldvolved in the development of AITZ()
-17A mRNA expression isignificantly higher in Hashimoto thyroiditis patis than in healthy «
Interestingly, vitamin D plays amportant role in regulating Thl, Th2, and Th17sseds well a¢
IFN-y, IL-4, and IL-17 B4,45,46,47]. These findings may explain why lowlerels of vitamin D
thyroid gland immune disorder. On the other hanmdywés’disease is an autoimmune thyroid ¢
thyrotrophin receptor antibody (TRAD) causes hypeudidism E8]. Low vitamin D status is as
increased TRADb in this diseas#’]. Resultsalso show that levels of 250 (HD) <50 nmol/L am
positive thyroid autoantibody (Thyroid peroxidasilaody (TPOADb) and thyroglobuliantibodie
Thus, this increased thyroid autoantibody in AITilgy be a consequence of the lovesels of v
contributes to AITD.

The levels of vitamin D may dictate the prognodiSmves’ diseases])], and may create an oy
vitamin D supplementation for patients? ResearcKdyakami-Tani shows that concomitaur
(such as thyroid hormones or anti-thyroid drugs)odOH)D3 isuseful for treating hyperthyroic
with Graves’ diseasél[l]. Moreover, preliminary results of a smedhdomized controlled trial ¢
vitamin D treatment significantlgecreased TPOAb and TgAb compared with placebtnied i
patients $2]. Current evidence, however, is not definitives ttosteffectiveness of vitamin D st
AITD patients, as well as its optimal safe dosegiire further investigation.

To our knowledge, this was the first meta-analigiavestigate the association between vitar
AITD. The inclusion ofEmbase, PubMed, CENTRAL, and the CNKI databasedsdtiength to
However, our study had some limitations. Firsthgny of the original studiedid not adjust for |
important confounders, such as season or ass#tlyod. The prevalence of vitamin D deficienc
(OH)D levels did not distinctly different betweemnter and summer weathérd. Limitations in
significant difference may be due to interassayiatetlaboratory variability irmeasurements ¢
the cut-off for defining vitamin Rieficiency and the method of AITD diagnosis, whiehied aci
along with the language differences among the stuaind publication bias may hasantributed
heterogeneity of our findings. Criterion of vitaniindeficiency include <10 ng/mL, <15 ng/mL
but result showed that cut-points of vitamin D diefincy should be assay specific ratteam univ
greater consistency between laboratories is req(i@. In the studies, AITD was diagnosedtby
test, anti-thyroid antibodies, with or without alsonographyThirdly, due to the nature of the ¢
control studies in our revievyrther prospective studies are needed to clarifgtiver reduced v
a causal factor in the pathogenesis of autoimmiseasdes or aonsequence of this. Finally, we
heterogeneity in our analysis. However, we didfimat any major clinical heterogeneity atidere
analysis was appropriate for our study.

5. Conclusions

In conclusion, we have demonstrated that vitamuoteBciency is prevalent in AITD subjects a
subjects have lower levels of serum 25(OH)D, sutjggeshat lower serum vitamin D is related to
deficiency in vitamin D may plays a role in the dlmpment of the disease. Large-sample nualti-
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randomized controlled trials will help tmnsolidate whether there is an association betwiam
AITD, and consequently give directions as to thedbeial effect of vitamin Dsupplementation
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