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Background: Previous observational studies have shown conflicting results of
vitamins supplementation for thyroid diseases. The causal relationships between
vitamins and thyroid diseases are unclear. Therefore, we conducted a two-
sample bidirectional Mendelian randomization (MR) study to explore association
of circulating vitamin levels with thyroid diseases.

Methods: We performed a bidirectional MR analysis using genome-wide
association study (GWAS) data. Genetic tool variables for circulating vitamin
levels include vitamins A, Bg, B1p, C, D, and E, Genetic tool variables of thyroid
diseases include autoimmune hyperthyroidism, autoimmune hypothyroidism,
thyroid nodules (TNs), and Thyroid cancer (TC). Inverse-variance weighted
multiplicative random effects (IVW-RE) was mainly used for MR Analysis,
weighted median (WM) and MR Egger were used as supplementary methods to
evaluate the relationships between circulating vitamin levels and thyroid diseases.
Sensitivity and pluripotency were evaluated by Cochran’s Q test, MR-PRESSO,
Radial MR, MR-Egger regression and leave-one-out analysis.

Results: Positive MR evidence suggested that circulating vitamin C level is a
protective factor in autoimmune hypothyroidism (ORyw-re=0.69, 95%CI: 0.58-
0.83, p = 1.05E-04). Reverse MR Evidence showed that genetic susceptibility to
autoimmune hyperthyroidism is associated with reduced level of circulating vitamin
A(ORww-re = 0.97, 95% CI: 0.95-1.00, p = 4.38E-02), genetic susceptibility of TNs
was associated with an increased level of circulating vitamin D (ORyw-re = 1.02,
95% Cl: 1.00-1.03, p = 6.86E-03). No causal and reverse causal relationship was
detected between other circulating vitamin levels and thyroid diseases.

Conclusion: Our findings provide genetic evidence supporting a bi-directional
causal relationship between circulating vitamin levels and thyroid diseases. These
findings provide information for the clinical application of vitamins prevention
and treatment of thyroid diseases.

KEYWORDS

vitamins, autoimmune hyperthyroidism, autoimmune hypothyroidism, thyroid nodules,
thyroid cancer, Mendelian randomization, causal effect

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2024.1360851/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1360851/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1360851/full
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2024.1360851&domain=pdf&date_stamp=2024-06-11
mailto:huafaque@126.com
https://doi.org/10.3389/fendo.2024.1360851
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://doi.org/10.3389/fendo.2024.1360851
https://www.frontiersin.org/journals/endocrinology

Zhang et al.

Introduction

Thyroid diseases include benign and malignant diseases of the
thyroid and pose a significant public health risk. Among them, TC,
Autoimmune thyroid disease (AITD) and TNs are the clinically
common diseases. TC is a common endocrine cancer. According to
statistics, 19.3 million new cancers and 10 million deaths occurred in
2020, worldwide. TC accounted for 3.0 % and 0.4 % respectively (1).
Compared with other cancers, the overall prognosis of TC is
advantageous, but the financial and psychological pressure it brings
to patients can not be underestimated. AITD affects 2% to 5% of the
general population and includes Graves disease (GD) and Hashimoto
disease (HD), common causes of hyperthyroidism and
hypothyroidism, respectively (2). The prevalence of TNs ranges
from 4 to 67%. Most TNs are benign, but 5% to 10% of TNs have
malignant signs (3). For thyroid diseases, early identification and
active treatment are crucial. It is crucial to find new risk factors and
possible causal relationships in terms of prevention and treatment.

Vitamins are essential trace elements in the pathophysiological
process of thyroid. Vitamin A and its derivatives, by binding to its
receptors, can affect thyroid hormone (TH) signal transduction (4),
regulate the effect of TH on target tissues (5), and increase the
binding rate of thyroid stimulating hormone (TSH) to thyroid cells
(6). B vitamins are involved in the process of oxidative stress caused
by chronic inflammation, which causes increased levels of
homocysteine in the blood, and hyperhomocysteinemia (Hcy) is
closely associated with hypothyroidism (7). The occurrence and
development of thyroid-related diseases are closely related to
REDOX imbalance. Vitamins C and E have a strong ability to
regulate REDOX. Studies have shown that vitamins C and E can
improve oxidative damage in patients with thyroid diseases (8, 9).
In 1994, Berg discovered the expression of vitamin D receptors on
thyroid follicular cells in rats, suggesting that vitamin D may be
involved in the pathophysiological processes of the thyroid (10).
Experimental studies in rats suggested that vitamin D may have
central and peripheral effects on the release of TSH and TH.
Currently, clinical trials of vitamin D supplementation for AITD
and TC have been conducted, but the results have been
inconsistent (11).

In order to further uncover the correlation between circulating
vitamin levels and thyroid diseases, more rigorous studies are
needed. However, traditional observational studies are often
affected by confounding factors and reverse causality, and there
are certain limitations in the reliability of results. Therefore, we
conducted an MR study of multiple circulating vitamin levels
(vitamin A, By, By, C, D, and E) and thyroid diseases
(autoimmune hyperthyroidism, autoimmune hypothyroidism,
TNs, and TC). Unlike traditional studies, MR studies genetically
explain the cause-and-effect relationships between circulating
vitamin levels and thyroid diseases. In MR studies, because
parents’ alleles are randomly assigned at conception, genetic
variation precedes disease development and is not influenced by
environmental confounders. Therefore, MR studies avoid
confounding bias and reverse causality, and the research results
are more robust and reliable (12).
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Materials and methods
Study design

Since the publicly available databases we use have been
approved by their respective ethics review committees. Therefore,
this study does not require ethical approval.

We studied the causal relationship between circulating vitamin
levels and thyroid diseases using bidirectional two-sample MR.
Vitamin A, By, By, C, D and E were included in this study. The
types of thyroid diseases were autoimmune hyperthyroidism,
autoimmune hypothyroidism, TNs, and TC.

MR research must conform to three assumptions: 1)
Correlation hypothesis: The genetic variation selected as an
instrumental variables (IVs) must be strongly correlated with
exposure. 2) Independence hypothesis: Genetic variation is not
associated with anything that might confuse expose-outcome
causality. 3) Exclusion of the limiting hypothesis: IVs affect
results only through exposure.

Data source

To minimize heterogeneity, we only used data from the
European Population Bank. We obtained GWAS summary
statistics for vitamin A (13) and By (14) from a publicly available
database of the GWAS Catalog, with sample sizes of 8,247 and 5998,
respectively. The UK Biobank project is a prospective cohort study
with deep genetic and phenotypic data. A rich variety of phenotypic
and health-related information was provided by approximately
500,000 people, including lifestyle indicators, biomarkers in blood
and urine, and imaging of the body and brain. The GWAS summary
statistics of vitamin B,,, C, D, and E were from the UK Biobank,
with a sample size of 64,979.

The FinnGen research project involves collecting and analyzing
genomic data from 500,000 Finnish biobank participants in order to
identify genetic variants associated with various health conditions.
The summary statistics of thyroid diseases were all from the
FinnGen (r9.finngen.fi), Including autoimmune hyperthyroidism
(1828 cases of autoimmune hyperthyroidism and 279,855 control
cases), autoimmune hypothyroidism (40,926 cases of autoimmune
hypothyroidism and 274,069 control cases), and TNs (9485
nontoxic goiter/thyroid nodule and 367792 control group), TC
(1783 malignant neoplasm of thyroid gland and 287,137 controls).
Details of the phenotypes are shown in Table 1.

Selection of Vs

We used TwoSampleMR (version 0.5.8) in the R package
(version 4.3.2) to select SNPs (single nucleotide polymorphism)
that fit the above three hypotheses. First, there were enough SNPs
for MR analysis. We selected the IVs that are associated with
exposure (p < 5E-06) (15). Second, to ensure that each SNP is
independent, we clumped the data (r2 = 0.001, clumping window =
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TABLE 1 Data source and detailed information of circulating vitamin levels and thyroid diseases.

Traits Data sources(ID) Sample size Ncases Ncontrols Ancestry

Vitamin A GWAS Catalog (GCST90200405) 8247 / / European

Vitamin By GWAS Catalog (GCST90012742) 5998 / / European

Vitamin B, United Kingdom Biobank (ukb-b-19524) 64979 / / European

Vitamin C United Kingdom Biobank (ukb-b-19390) 64979 / / European

Vitamin D United Kingdom Biobank (ukb-b-18593) 64979 / / European

Vitamin E United Kingdom Biobank (ukb-b-6888) 64979 / / European

Autoimmune hyperthyroidism FinnGen 281683 1828 279855 European

(finngen_R9_AUTOIMMUNE_HYPERTHYROIDISM)

Autoimmune hypothyroidism FinnGen(finngen_R9_E4 _HYTHY_AI_STRICT) 314995 40926 274069 European

Nontoxic goitre/Thyroid nodule FinnGen(finngen_R9_E4 NONTOXIC_THYROID) 377277 9485 367792 European

Malignant neoplasm of FinnGen(finngen_R9_C3_THYROID_GLAND_EXALLC) 288920 1783 287137 European
thyroid gland

10,000 kb). These SNPs were extracted from the resulting GWAS,
and we did nothing with the missing SNPs. We deleted palindromic
SNPs and incompatible SNPs. Finally, we evaluated the statistical
power of each IV by calculating the F value (F = beta®/se?) (16) and
eliminated weak IVs with F<10.

Statistical analysis of MR

Three methods, IVW-RE, WM, and MR Egger (17) were selected
for MR Analysis. To reduce the variation heterogeneity and
pleiotropic effect. IVW-RE analysis was the main result, and p<0.05
indicated that there was a causal relationship between exposure and
outcome. Selected SNPs needed to be examined by heterogeneity and
sensitivity analysis to ensure the robustness of the MR Analysis
results. The Cochrane Q test (18), which included the MR-egger
method and inverse variance weighted method, was used to assess
heterogeneity. The MR-Egger intercept (19) was also performed to
evaluate horizontal pleiotropy. At the same time, MR-PRESSO
packages (20) and Radial MR packages (21) are used to detect
SNPs with heterogeneity and remove these SNPs in the final
analysis. In addition, the leave-one-out method (22) is used as a
sensitivity analysis, excluding one SNP at a time and performing an
IVW on the remaining SNPs to detect the potential impact of SNPs
with high pleiotropy levels on MR results.

Result

Causal effects of circulating vitamin levels
on autoimmune hyperthyroidism

The MR results of circulating vitamin levels and autoimmune
hyperthyroidism are shown in Figure 1. There was no weak tool
bias (F>10) for any IV used in the analysis (Supplementary
Material 2).
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In reverse MR analysis, genetically predicted autoimmune
hyperthyroidism showed a negative causal relationship with
circulating vitamin A level (ORpyw.re= 0.97, 95% CI: 0.95-1.00,
p =4.38E-02). In addition, we did not find a significant causal
relationship between circulating vitamin Bo, Bj,, C, D and E levels
and autoimmune hyperthyroidism (p>0.05). Cochran’s Q test and the
MR-Egger intercept confirmed that there was no heterogeneity and
pleiotropy in our study (Table 1, Supplementary Material 1). The
application of the leave-one-out method improved the reliability of
MR analysis results (Supplementary Material 3).

Causal effects of circulating vitamin levels
on autoimmune hypothyroidism

The MR results of circulating vitamin levels and autoimmune
hypothyroidism are shown in Figure 2. There was no weak tool bias
(F>10) for any IV used in the analysis (Supplementary Material 2).

In MR Analysis, the IVW-RE method showed no causal
relationship between circulating vitamin C level and autoimmune
hypothyroidism (p>0.05). However, Cochran’s Q test showed
heterogeneity (p<0.05). After the removal of heterogeneous SNPs
(rs1883993, rs11650824) through MR-PRESSO and Radial MR
analysis, the result showed a causal relationship between
circulating vitamin C level and autoimmune hypothyroidism.
circulating vitamin C has a protective effect on autoimmune
hypothyroidism (ORpyw.re=0.69, 95%CI: 0.58-0.83, p = 1.05E-
04). WM methods reached the same conclusion (ORyy=0.71,
95%CI: 0.55-0.93, p = 1.13E-02). There was no heterogeneity
(p>0.05) or pleiotropy (p>0.05). Except for vitamin C, we found
no association between other vitamins and autoimmune
hypothyroidism. Cochran’s Q test and the MR-Egger intercept
confirmed that there was no heterogeneity and pleiotropy in our
study (Table 2, Supplementary Material 1). The application of the
leave-one-out method improved the reliability of MR analysis
results (Supplementary Material 3).
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Exposure Outcome Method nSNP P.value OR(95%Cl)
Vitamin A Autoimmune hyperthyroidism Inverse variance weighted 13 "'I" 0.655 0.94(0.70 to 1.25)

Weighted median "':r" 0.558 0.90(0.63 to 1.28)
MR Egger —i 0.063 0.54(0.30 to 0.96)
Vitamin B9 Autoimmune hyperthyroidism Inverse variance weighted 6 ':‘ 0.944 1.00(0.96 to 1.05)
Weighted median +' 0.371 1.03(0.97 to 1.09)
MR Egger -:; 0.777 0.99(0.90 to 1.08)
Vitamin B12  Autoimmune hyperthyroidism Inverse variance weighted 8 i 0.801 0.89(0.37 to 2.14)
Weighted median —— 0.914 0.94(0.30 to 2.90)
MR Egger H—E—‘ 0.305 0.27(0.03 to 2.63)
Vitamin C Autoimmune hyperthyroidism Inverse variance weighted 10 : 0431 1.39(0.61t0 3.19)
Weighted median '—f—'—'O.ZOZ 1.89(0.71 to 5.04)
MR Egger »—f—-—-o 264 2.82(0.52 to 15.35)
Vitamin D Autoimmune hyperthyroidism Inverse variance weighted 12 —— 0.269 0.61(0.25 to 1.47)
Weighted median —_— 0439 0.68(0.26 to 1.80)
MR Egger '—E—-—'OJZO 1.89(0.06 to 55.52)
Vitamin E Autoimmune hyperthyroidism Inverse variance weighted 11 '—':—' 0.965 0.99(0.53 to 1.83)
Weighted median '—'?_' 0.792 0.89(0.37 to 2.12)
MR Egger — 0.846 0.88(0.26 to 3.00)
P<0.05 was considered statistically significant or_l_;—gr_,{
protective factor risk factor
Exposure Outcome Method nSNP P.value OR(95%CI)
Autoimmune hyperthyroidism Vitamin A Inverse variance weighted 27 '—'—'I 0.044 0.97(0.95 to 1.00)
Weighted median '—'—f" 0.158 0.97(0.93 to 1.01)
MR Egger —— 0.777 0.99(0.94 to 1.05)
Autoimmune hyperthyroidism Vitamin B9 Inverse variance weighted 17 '—"E—' 0.597 0.99(0.95 to 1.03)
Weighted median : 0.222 0.97(0.92 to 1.02)
MR Egger — 0.145  0.94(0.88 to 1.02)
Autoimmune hyperthyroidism Vitamin B12  Inverse variance weighted 28 "?"' 0.516 1.00(0.99 to 1.01)
Weighted median "r" 0.893 1.00(0.99 to 1.01)
MR Egger —— 0.806 1.00(0.98 to 1.02)
Autoimmune hyperthyroidism Vitamin C Inverse variance weighted 28 "':" 0.897 1.00(0.99 to 1.01)
Weighted median '—‘:"' 0.967 1.00(0.99 to 1.01)
MR Egger ’—'-:r‘ 0.197 0.99(0.97 to 1.01)
Autoimmune hyperthyroidism Vitamin D Inverse variance weighted 28 ol 0.878 1.00(0.99 to 1.01)
Weighted median '—+" 0.956 1.00(0.98 to 1.01)
MR Egger —— 0999  1.00(0.98 to 1.02)
Autoimmune hyperthyroidism Vitamin E Inverse variance weighted 28 "f" 0.939 1.00(0.99 to 1.01)
Weighted median '-4'-' 0.801 1.00(0.98 to 1.01)
MR Egger —— 0.650 0.99(0.98 to 1.01)
P<0.05 was considered statistically significant 09 09 1 105 11
—_—
protective factor risk factor
FIGURE 1

Bidirectional causal estimation of circulating vitamin levels and autoimmune hyperthyroidism. nSNPs, the number of SNPs used in MR; OR, odds

ratio; Cl, confidence interval.

Causal effects of circulating vitamin levels
on TNs

The MR results of circulating vitamin levels and TNs are shown
in Figure 3. There was no weak tool bias (F>10) for any IV used in
the analysis (Supplementary Material 2).

In reverse MR analysis, The causal relationship between
genetically predicted TNs and circulating vitamin D level was
positive (ORjyw.re= 1.02, 95% CI: 1.00-1.03, p = 6.86E-03).
Besides, we did not find a significant causal relationship between
circulating vitamin A, By, B;,, C and E levels and TNs (p>0.05).
Cochran’s Q test and the MR-Egger intercept confirmed that there
was no heterogeneity and pleiotropy in our study (Table 3,
Supplementary Material 1). The application of the leave-one-out
method improved the reliability of MR analysis results
(Supplementary Material 3).
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Causal effects of circulating vitamin
levels on TC

The MR results of circulating vitamin levels and TC are shown
in Figure 4. There was no weak tool bias (F>10) for any IV used in
the analysis (Supplementary Material 2).

In MR analysis, the IVW-RE method showed no causal
relationship between circulating vitamin levels and TC (p>0.05).
The results of The MR Egger and WM methods were consistent
with those of the IVW-RE method(p>0.05). After the removal of
outliers by the MR-PRESSO and Radial MR During the MR
Analysis, it was suggested that heterogeneity and pleiotropy
disappeared after secondary testing. (Table 4, Supplementary
Material 1). The application of the leave-one-out method
improved the reliability of MR analysis results(Supplementary
Material 3).
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Exposure Outcome Method nSNP P.value OR(95%CI)
Vitamin A Hypothyroidism, strict Inverse variance weighted 13 0 0.693 1.01(0.96 to 1.07)

Weighted median f 0.971 1.00(0.93 to 1.08)
MR Egger 'f" 0.562 1.04(0.92 to 1.18)
Vitamin B9 Hypothyroidism, strict Inverse variance weighted 6 L 0.524 0.97(0.90 to 1.05)
Weighted median ':' 0.99 1.00(0.90 to 1.11)
MR Egger e 0465  0.87(0.63t0 122)
Vitamin B12  Hypothyroidism, strict Inverse variance weighted 8 "f" 0.927 1.01(0.81 to 1.26)
Weighted median "‘P—‘ 0.842 1.03(0.76 to 1.40)
MR Egger — 0.113 0.60(0.35 to 1.03)
Vitamin C Hypothyroidism, strict Inverse variance weighted 8 - i <0.001 0.69(0.58 to 0.83)
Weighted median e 0.011  0.71(0.55 to 0.93)
MR Egger »--w 0.16 0.74(0.51 to 1.07)
Vitamin D Hypothyroidism, strict Inverse variance weighted 12 e 0.462 1.06(0.90 to 1.26)
Weighted median "':“ 0.113 0.95(0.76 to 1.19)
MR Egger l 032 1.47(0.79 to 2.76)
Vitamin E Hypothyroidism, strict Inverse variance weighted 11 """ 0.56 0.95(0.80 to 1.12)
Weighted median "'e‘ 0.296 0.90(0.73 to 1.10)
MR Egger e 0.352 0.84(0.60 to 1.18)
P<0.05 was considered statistically significant 0 1 2 3 4
protective factor risk factor
Exposure Outcome Method nSNP P.value OR(95%Cl)
Hypothyroidism, strict Vitamin A Inverse variance weighted 229 ——=— 0.702 0.99(0.96 to 1.03)
Weighted median '_'—‘r—' 0.415 0.97(0.92 to 1.04)
MR Egger ———4————— 0980  1.00(0.93t0 1.08)
Hypothyroidism, strict Vitamin B9 Inverse variance weighted 145 '_'_%_‘ 0.518 0.98(0.93 to 1.04)
Weighted median : 0.508 0.97(0.89 to 1.06)
MR Egger '—'—:v—' 0.401 0.95(0.84 to 1.07)
Hypothy , strict i Vitamin B12  Inverse variance weighted 226 '—f" 0.982 1.00(0.99 to 1.01)
Weighted median —-— 0.728 1.00(0.97 to 1.02)
MR Egger '—":—' 0.458 0.99(0.96 to 1.02)
Hypothyroidism, strict Vitamin C Inverse variance weighted 226 "'%* 0.438 0.99(0.98 to 1.01)
Weighted median ! ':' 0.829 1.00(0.98 to 0.98)
MR Egger '—"f—' 0.558 0.99(0.96 to 1.02)
Hypothyroidism, strict i Vitamin D Inverse variance weighted 226 0=, 0.824 1.00(0.99 to 1.01)
Weighted median —— 0805  1.00(0.97to 1.02)
MR Egger '—-f—' 0.379 0.99(0.96 to 1.01)
Hypothyroidism, strict i Vitamin E Inverse variance weighted 226 "1"‘ 0.772 1.00(0.99 to 1.01)
Weighted median r—?'—- 0.447 1.01(0.99 to 1.03)
MR Egger ——t 0.344 0.99(0.96 to 1.01)
P<0.05 was considered statistically significant 09 09 1 105 11
—
protective factor risk factor
FIGURE 2

Bidirectional causal estimation of circulating vitamin levels and autoimmune hypothyroidism. nSNPs, the number of SNPs used in MR; OR, odds

ratio; Cl, confidence interval.

Discussion

In this study, we performed the bidirectional causal relationship
between circulating vitamin levels and thyroid diseases using a
bidirectional two-sample MR Study. Genetic evidence suggested
that circulating vitamin C level has a protective effect on
autoimmune hypothyroidism. In reverse MR, The results showed
that reduced vitamin A levels are related to the risk of developing
autoimmune hyperthyroidism, and vitamin D increase can
contribute to development of TNs. In addition, there was no
significant association between circulating vitamin levels and
thyroid diseases.

Vitamin C is a member of the body’s non-enzymatic
antioxidant system. It is a cofactor of many biosynthetic and gene
regulatory enzymes, and plays an important role in a variety of
immune regulation, chromatin remodeling, and cell division (23).
At the physiological concentration of human plasma vitamin C (40-
80uM), it can effectively remove reactive oxygen species (ROS) and
act as an antioxidant; at high doses (10-20 mM), vitamin C can
induce oxidative stress and inhibit tumor growth without significant
damage to normal cells and tissues (23). An animal study

Frontiers in Endocrinology

demonstrated a protective effect of vitamin C against boldenone
undecylenate-induced autoimmune hypothyroidism of Wistar rats
(24). Karimi F (25) randomly divided 100 patients with
autoimmune thyroiditis into the Selenium (Se) treatment group,
vitamin C treatment group, and placebo treatment group.
antithyroid peroxidase antibody (TPO-Ab) concentration
decreased in both Se and vitamin C treated groups, but no
change was observed in the placebo group. The above studies are
consistent with the results of this study. The pathogenesis of
autoimmune hypothyroidism is related to oxidative stress (26)
and abnormal immune system (27). Vitamin C may affect gene
expression of oxidative stress and immune system, and has a
protective effect on autoimmune hypothyroidism. Although
evidence of large-scale evidence-based medicine is still lacking,
this study provides new ideas for improving our understanding of
the pathogenesis and treatment of autoimmune hypothyroidism.
Studies (28) have also shown that high doses of vitamin C can
affect the REDOX equilibrium and cell metabolism of cancer cells
by mediating the pro-oxidation mechanism, thereby inhibiting the
growth of TC cells. However, this MR study did not observe a direct
causal relationship between vitamin C and TC, which may be
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Exposure Outcome Method nSNP P.value OR(95%Cl)
Vitamin A Nontoxic goitre/thyroid nodule Inverse variance weighted 13 ".' 0.227 0.92(0.80 to 1.05)

Weighted median "‘I 0.035 0.85(0.72 to 0.99)
MR Egger e 0.269 0.83(0.61to0 1.13)
Vitamin B9 Nontoxic goitre/thyroid nodule Inverse variance weighted 6 ":" 0.808 1.02(0.88 to 1.18)
Weighted median ":"' 0.571 1.06(0.87 to 1.28)
MR Egger —— 0987  0.99(0.51t0 1.95)
Vitamin B12  Nontoxic goitre/thyroid nodule Inverse variance weighted 8 '—?'_‘ 0.841 1.04(0.70 to 1.54)
Weighted median — 0.358 1.27(0.76 to 2.12)
MR Egger ———— 0531  0.71(0.25t0 1.97)
Vitamin C Nontoxic goitre/thyroid nodule Inverse variance weighted 10 F+ 0.367 0.87(0.65 to 1.17)
Weighted median "'“:" 0.169 0.75(0.50 to 1.13)
MR Egger — 0.921 0.97(0.53 to 1.76)
Vitamin D Nontoxic goitre/thyroid nodule Inverse variance weighted 12 - 0.929 1.01(0.74 to 1.40)
Weighted median '—":—' 0.694 0.92(0.60 to 1.41)
MR Egger ——— 0532  0.67(0.20 to 2.23)
Vitamin E Nontoxic goitre/thyroid nodule Inverse variance weighted 11 "':" 0.712 0.95(0.72 to 1.25)
Weighted median '—f—' 0.885 1.03(0.72 to 1.47)
MR Egger —te—— 0.625 1.15(0.66 to 2.00)
P<0.05 was considered statistically significant 0 1 2 3 4
protective factor risk factor
Exposure Outcome Method nSNP P.value OR(95%Cl)
Nontoxic goitre/thyroid nodule Vitamin A Inverse variance weighted 85 '_'“;—' 0.528 0.99(0.96 to 1.02)
Weighted median '_i"_' 0.768 1.01(0.96 to 1.06)
MR Egger ———=————10478  1.03(0.96to 1.10)
Nontoxic goitre/thyroid nodule Vitamin B9  Inverse variance weighted 56 '—'—5—' 0.488 0.98(0.94 to 1.03)
Weighted median '_'_%_' 0.267 0.96(0.90 to 1.03)
MR Egger — 0329  0.96(0.88 to 1.04)
Nontoxic goitre/thyroid nodule Vitamin B12  Inverse variance weighted 88 ":P" 0.439 1.00(0.99 to 1.01)
Weighted median —— 0.852 1.00(0.99 to 1.02)
MR Egger - 0.159 1.02(0.99 to 1.04)
Nontoxic goitre/thyroid nodule Vitamin C Inverse variance weighted 88 ":"' 0.662 1.00(0.99 to 1.01)
Weighted median - 0294  0.99(0.97 to 1.01)
MR Egger — 0586  0.99(0.97 to 1.02)
Nontoxic goitre/thyroid nodule Vitamin D Inverse variance weighted 88 fimn) <0.01 1.02(1.00 to 1.03)
Weighted median ":"—' 0.409 1.01(0.99 to 1.02)
MR Egger —— 0.197 1.02(0.99 to 1.04)
Nontoxic goitre/thyroid nodule Vitamin E Inverse variance weighted 88 ’i"" 0.107 1.01(1.00 to 1.02)
Weighted median r—f-—- 0514 1.01(0.99 to 1.02)
MR Egger r— 0.193 1.02(0.99 to 1.04)
P<0.05 was considered statistically significant 09 095 1 105 11
—
protective factor risk factor
FIGURE 3

Bidirectional causal estimation of circulating vitamin levels and TNs. nSNPs, the number of SNPs used in MR; OR, odds ratio; Cl, confidence interval.

related to the small number of cases of TC, or may have an anti-
tumor effect through indirect effects, but no matter which
possibility, it is worth further study.

On the other hand, the results of this study showed that
autoimmune hyperthyroidism is a risk factor for reduced vitamin
A levels. Vitamin A is able to regulate thyroid homeostasis alone or
interact with other micronutrients, especially with iodine (29). And
vitamin A also has antioxidant effects, and the pathogenesis of
autoimmune hyperthyroidism is related to impaired oxidative
stress. The decrease in vitamin A level may be due to its
participation in the process of regulating oxidative stress damage. A
study has shown that vitamin A can alleviate the clinical symptoms of
patients with hyperthyroidism and reduce the metabolic rate (30).
More and more studies have also shown that the levels of vitamin A
and its derivatives can regulate TH from gene expression levels and
their effects on target tissues (31). However, whether vitamin A
supplementation can make hyperthyroidism gain clinical benefits and
possible channels of action are worth looking forward to in future
large-scale randomized controlled studies.
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Vitamin Dj is one of the most important types of vitamin D in
the body. Calcitriol (the active form of vitamin D3) can bind to the
vitamin D receptor (VDR). VDR is involved in regulating the
expression of more than 1000 genes, including thyroid tissue (32—
34). More and more studies have shown that vitamin D deficiency
can cause thyroid dysfunction and autoimmune thyroid disease
(11), and vitamin D supplementation can improve thyroid function
and treat autoimmune thyroid disease (35, 36). However, vitamin D
supplementation did not reduce the overall risk of hypothyroidism
(37); It also had poor therapeutic effect on GD patients (38).
Another study (39) suggested that vitamin D deficiency was a risk
factor for TC and that vitamin D supplementation inhibited the
proliferation (40) and ability of TC cells to metastasize (41) and
reduced the risk of advanced cancer in individuals who were
undiagnosed at the start of the study (42). However, a study (43)
has shown no link between vitamin D levels and the risk of TC. The
direct causal relationship between TC and autoimmune thyroid
disease and vitamin D has not been observed in our MR study. This
can also explain the contradiction of the current clinical research
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Exposure Outcome Method nSNP P.value OR(95%Cl)
Vitamin A Malignant neoplasm of thyroid gland Inverse variance weighted 13 "'r‘ 0.494 0.91(0.68 to 1.20)

Weighted median "i"—' 0.455 1.14(0.81 to 1.61)
MR Egger —— 0.336 0.71(0.37 to 1.37)
Vitamin B9 Malignant neoplasm of thyroid gland Inverse variance weighted 6 "E"—' 0.225 1.25(0.87 to 1.81)
Weighted median —— 0.745  1.08(0.69to 1.68)
MR Egger ——————————— 0714 1.40(0.26 to 7.57)
Vitamin B12  Malignant neoplasm of thyroid gland Inverse variance weighted 8 '—4I_‘ 0.854 0.92(0.37 to 2.26)
Weighted median r——— 0.378 0.58(0.17 to 1.95)
MR Egger '—E—-—'O.MO 1.56(0.13 to 19.00)
Vitamin C Malignant neoplasm of thyroid gland Inverse variance weighted 10 '—%—'—‘ 0.527 1.24(0.64 to 2.41)
Weighted median 'i_'—’O.DN 2.10(0.89 to 4.96)
MR Egger 0663 1.37(0.3510531)
Vitamin D Malignant neoplasm of thyroid gland Inverse variance weighted 12 —— 0.202 0.63(0.30 to 1.29)
Weighted median "'_%“ 0.126 0.47(0.17 to 1.24)
MR Egger '—-%—'0 789 0.68(0.04 to 10.38)
Vitamin E Malignant neoplasm of thyroid gland Inverse variance weighted 11 '-‘i*—' 0.677 1.14(0.61t0 2.13)
Weighted median '_'P_' 0.880 1.07(0.43 to 2.67)
MR Egger —f—— 0.993 1.00(0.29 to 3.44)
P<0.05 was considered statistically significant 0 1 2 3 4
protective factor risk factor
Exposure Outcome Method nSNP P.value OR(95%Cl)
Malignant neoplasm of thyroid gland Vitamin A Inverse variance weighted 23 o — 0.571 1.01(0.98 to 1.04)
Weighted median '—i"—' 0.667 1.01(0.97 to 1.05)
MR Egger '—4:—' 0.909 1.00(0.94 to 1.06)
Malignant neoplasm of thyroid gland Vitamin B9 Inverse variance weighted 16 e 094 0.99(0.90 to 1.08)
Weighted median '—e—'_‘ 0.371 1.03(0.97 to 1.09)
MR Egger e a— 0.777 1.00(0.96 to 1.05)
Malignant neoplasm of thyroid gland Vitamin B12  Inverse variance weighted 24 "i"‘ 0415 1.00(0.99 to 1.01)
Weighted median e 0.487 1.00(0.99 to 1.02)
MR Egger '—E"—‘ 0.372 1.01(0.99 to 1.03)
Malignant neoplasm of thyroid gland Vitamin C Inverse variance weighted 23 "':‘ 0.500 1.00(0.98 to 1.01)
Weighted median —— 0.046  0.98(0.97 to 1.00)
MR Egger >—+—u 0.929 1.00(0.98 to 1.03)
Malignant neoplasm of thyroid gland Vitamin D Inverse variance weighted 24 Lo 0.964 1.00(0.99 to 1.01)
Weighted median —— 0932 1.00(0.98 to 1.02)
MR Egger — 0527 0.99(0.97 to 1.02)
Malignant neoplasm of thyroid gland Vitamin E Inverse variance weighted 24 "‘:" 0.615 1.00(0.99 to 1.01)
Weighted median '—?" 0.782 1.01(0.98 to 1.01)
MR Egger —— 0.280 1.01(0.99 to 1.03)
P<0.05 was considered statistically significant 09 095 1 105 11
protective factor risk factor
FIGURE 4

Bidirectional causal estimation of circulating vitamin levels and TC. nSNPs, the number of SNPs used in MR; OR, odds ratio; Cl, confidence interval.

results. There were few studies on the relationship between TNs
and vitamin D. Jinzhuo Fan found a negative correlation
between TNs and vitamin D levels in a study of 875 centenarians
in Hainan Province, China (44). A study in Turkey also found that
the level of vitamin D was low in patients with TNs (45). This is the
opposite of our study. The MR Study was independent of
environmental confounding factors, but we included only
European populations. Turkey straddles Asia and Europe, and
China belongs to Asia. Therefore, the inconsistency of the results
may be due to the different populations.Therefore, what is the
optimal level of vitamin D maintenance in patients with thyroid
diseases and can benefit from the protective effect of vitamin D
needs to be further determined by large sample and multi-center
clinical studies.

Vitamin E can play an antioxidant role by acting as a structural
component of biofilms as well as cleaning up free radicals (46). But
the role of vitamin E in thyroid diseases has not been fully
appreciated. Only a few studies have shown that vitamin E
reduces the aggressiveness of TC in patients (47) and reduces
oxidative damage caused by excessive TH in the blood circulation
of hyperthyroid animals (9). However, our MR Study did not show
any statistically significant direct cause-and-effect relationship
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between vitamin E and thyroid diseases. The vitamin B family is
involved in folate and homocysteine metabolism in different
ways. Deficiencies in folic acid, vitamins By, and B, can cause
increased levels of homocysteine in the blood (48, 49), but Hcy is
associated with impaired TH sensitivity in adults with normal
thyroid function (50). No studies have shown a direct association
between vitamin By and B;, and thyroid diseases, which is
consistent with our findings.

There are some limitations to this study. Firstly, although our
inclusion of only European populations avoids the bias caused
by racial stratification, it also limits the possibility of generalizing
our study to the entire population. Secondly, to have sufficient
IVs in MR Analysis, we weakened the independence of SNPs (p <
5E-06), but the F statistics of SNPs are all greater than 10, and
they meet the conditions of MR Analysis. Thirdly, although we use
the latest statistical data with the largest sample size, the small
sample size still limits the reliability of MR analysis. Nevertheless,
our study is the first to elucidate the association between circulating
vitamins and thyroid diseases at the genetic level, providing new
insights into the relationship between the two and providing
valuable information for the study of the pathogenesis of
thyroid diseases.
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Conclusion

Taken together, this study reveals a bidirectional causal
relationship between circulating vitamin levels and thyroid
diseases, providing new insights and evidence for the etiology,
screening, and management of thyroid diseases and clinical
micronutrient deficiencies. Further research is needed to elucidate
the underlying mechanisms between vitamins and thyroid diseases
and to verify this association through basic experiments as well as
large-scale randomized controlled trials.
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