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Background: Cumulative evidence has suggested that vitamin D deficiency is
related with an increased susceptibility to various types of cancers. However,
the association between vitamin D and thyroid cancer (TC) has remained to be
unknown. Thus, there has been an urgent need for a meta-analysis to summarize
existing evidence on vitamin D levels and the risk of TC.

Objective: This meta-analysis aimed to figure out the association between
vitamin D level and the risk of TC.

Methods: A systematic search was performed for eligible articles on the
association between vitamin D and TC based on PubMed, Embase, Web of
Science, Cochrane, and ClinicalTrials.gov. Outcomes were the vitamin D level
of cases with TC and the incidence of vitamin D deficiency in cases with TC
comparing with the controls. The effect measures included standardized mean
difference (SMD), ratio of means (RoM), and odds ratio (OR). A dose-response
meta-analysis was performed to assess the correlation between vitamin D level
and the risk of TC. Subgroup analyses and meta-regressions were conducted to
explore the source of heterogeneity. And publication bias was evaluated through
Begg's and Egger’s tests.

Results: Results of the meta-analysis revealed lower levels of vitamin D in TC
cases comparing with those in control [SMD = —0.25, 95% CI: (-0.38, —0.12);
RoM = 0.87, 95% CI: (0.81, 0.94)] and the levels of 1,25 (OH)D in cases with TC
were also lower than controls [SMD = —0.49, 95% CI: (—0.80, —0.19); RoM = 0.90,
95% Cl: (0.85, 0.96)]. And vitamin D deficiency was associated with the increased
risk of TC [OR = 1.49, 95% Cl: (1.23, 1.80)]. Additionally, results from the dose-
response meta-analysis showed that there is a 6% increase in the risk of TC for
each 10ng/ml decrease in 25 (OH)D levels [OR = 0.94; 95% CI: (0.89, 0.99)].

Conclusions: Individuals with TC had lower levels of vitamin D compared to
controls, and vitamin D deficiency was correlated with an increase risk of TC.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/
display_record.php?RecordlD=504417, identifier: CRD42024504417.
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1 Introduction

Thyroid cancer (TC) is the most common malignancy of the endocrine system,
encompassing three overarching histological classifications: differentiated, medullary and
anaplastic thyroid cancer (I, 2). Extensive research indicates a consistent upward trend
in the worldwide prevalence of TC over the past few decades, while its mortality rates
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have remained relatively stable (3-9). The global age-standardized
incidence rates of TC in 2020 were found to reached 3.1 per
100,000 person-years in males and 10.1 per 100,000 person-years
in females. However, the mortality rates have remained to be 0.5
per 100,000 person-years worldwide over the past four decades
(10, 11). GLOBOCAN 2020 database, compiled by the World
Health Organization, has speculated that TC would become the
second most prevalent cancer in women and the ninth in men by
2030, severely aggravate the burden of economic and health for
society. (3). Thus, the prevention, diagnosis and management of TC
have been an emerging problem (10, 12-16).

Vitamin D is a versatile steroid pro-hormone that is
predominantly synthesized in the skin through the sunlight
exposure and partly obtained from dietary sources (17). Both
cutaneous and dietary vitamin D will be metabolized into 25-
hydroxyvitamin D [25 (OH)D] in the liver and further converted
into 1, 25-hydroxyvitamin D [1,25 (OH)D], the bio-active form
of vitamin D, in the kidneys (18). The classical roles of 1,25
(OH)D include mediating calcium absorption in the intestine,
regulating bone metabolism and so on (18). Recently, accumulating
evidence has highlighted the potential anticancer action of vitamin
D through its ability to hinder the proliferation, invasiveness
and metastatic potential of malignant cells and promoting cell
differentiation. In light of those mechanisms above, it is widely
believed that the deficiency of vitamin D may be closely associated
with an increased susceptibility to various types of cancers.

Also, the relationship between TC and vitamin D levels has
been a topic of debate (19). Numerous clinical and experimental
studies have suggested that individuals with TC tend to exhibit
lower levels of vitamin D compared to both healthy individuals and
those with benign thyroid nodules, while findings in some other
studies have presented contrasting results (20-22). As a result, the
association between vitamin D deficiency and the risk of TC has
also remained inconclusive so far (23).
there is an
urgent need for a meta-analysis to summarize existing evidence

Given those aforementioned circumstances,

quantitatively on vitamin D levels and the risk of TC. Although
a few related meta-analyses have discussed the elevated risks of
TC in individuals with vitamin D deficiency compared to those
with sufficient vitamin D levels, whether these risks differ by the
severity of the deficiency and how different forms of vitamin D are
associated with TC still remained unclear (24, 25). Consequently,
we performed this meta-analysis to address these uncertainties in
more comprehensive precise manners.

2 Research design and methods

2.1 Search strategy

A systematic search was conducted for relevant published
articles from five databases (PubMed, Embase, Web of Science,
Cochrane, and ClinicalTrials.gov) based on medical subjects
heading terms, key words and word variants for “thyroid
cancer; “thyroid carcinoma,” “thyroid neoplasm,” “vitamin D,” “25-
hydroxyvitamin D;” “25 (OH)D,” “25 OHD” and “cholecalciferol”.
Additional published studies were retrieved by screening the
references of the relevant original reports. A further search in
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TABLE 1 Search strategy in PubMed.

#1 (vitamin D[Title/Abstract]) OR (25-hydroxyvitamin D[Title/Abstract]) OR
(25 (OH)D[Title/Abstract]) OR (25 OHD|Title/Abstract]) OR
(cholecalciferol[Title/ Abstract]) OR (“vitamin d”[MeSH Terms])

#2 (thyroid cancer[Title/Abstract]) OR (thyroid neoplasm|Title/Abstract]) OR
(thyroid tumor|[Title/ Abstract]) OR (thyroid carcinoma[Title/Abstract]) OR
(carcinoma of thyroid|[Title/Abstract]) OR (thyroid neoplasm[MeSH
Terms])

#3 #1 AND #2

preprint servers including Biorxiv and Medrxiv for preprint articles
were conducted in order to identify eligible unpublished literature.
All searches were performed on November 29th, 2023 and a more
specific search strategy is shown in Table 1.

2.2 Study selection

Inclusion criteria were as follows: (1) study type: prospective or
retrospective observational designs including case-control studies,
cohort studies and cross-sectional studies (2) population: patients
diagnosed with thyroid cancer and health controls or cases with
benign thyroid disease (3) study content: articles assessing the
association between vitamin D and thyroid cancer which are
published or unpublished (4) outcome: the levels of vitamin D in
TC groups and control groups (healthy cases or those with benign
thyroid diseases), the link between vitamin D deficiency and the
risk of TC which was always expressed as odds ratios with 95%
confidence intervals (CIs).

The exclusion criteria were defined as follows: (1) case reports,
reviews, letters, conference records (2) studies conducted on
animals (3) studies based on public databases or other non-
original data.

Two investigators independently performed the three-step
selection process consisting of title-screening, abstract-screening
and full-text screening. Disagreement between investigators (Yue
Hu and Shumeng Ren) were solved by consensus with a third
person (Lishuo Dong).

2.3 Data extraction and quality assessment

The following characteristics were extracted from eligible
studies: title, the name of the first author, year of publication,
country where the study was conducted, study design, the type of
thyroid cancer, the source of control, sample size of patients and
controls, age, sex, body mass index, dietary habits, and tobacco
use of participants, timing of vitamin D exposure measurement,
methods of vitamin D measurement and the type of vitamin D
measured. The following outcomes of studies were also extracted:
levels of vitamin D in both TC cases and controls, adjusted odds
ratios (OR) with 95% confidence intervals (CIs) for every category
of vitamin D levels, the distribution of cases and controls in each
category, variables adjusted for in the analysis, and the number
of patients and controls with sufficient vitamin D levels, as well
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FIGURE 1
Flow diagram of included studies

as the number of participants with vitamin D deficiency in each
group. Data were extracted by two investigators independently
using a standardized data extraction form, and any discrepancy was
resolved by a cross-check.

The nine-star Newcastle-Ottawa quality assessment scales were
used to assess the quality of case-control and cohort studies, while
the scale of Agency for Healthcare Research and Quality (AHQR)
were applied to cross-sectional studies. Two investigators (Yue Hu
and Shumeng Ren) assessed the quality of studies independently,
any discrepancy were resolved by consensus with a third person
(Lishuo Dong).

2.4 Data synthesis and analysis

The primary outcome was the level of vitamin D in patients
with thyroid cancer, whose effect size was reported in terms of
standardized mean difference (SMD) with 95% Cls, calculated from
the mean value and standard deviation (SD). Methods by Luo et al.,
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and Wan et al. were used to optimally estimate the mean and SD
from the sample size, median, mid-range and mid-quartile range
when only five-number summary was provided by included articles
(26, 27). And a subgroup analysis were conducted based on the
methods of vitamin D measurement, the timing of measurement,
the countries, the sample source of vitamin D and the source
of controls. Meta-regressions were performed on the basis of the
methods of vitamin D measurement, the timing of measurement,
the countries, the sample source of vitamin D, the source of
controls, the publication year, the sex ratio of participants and
the age of participants. To provide clinicians with more intuitive
clinical interpretation of the differences of vitamin D levels between
case group and control group, the ratio of means (RoM) with 95%
CIs, defined by the mean value in the case group divided by the
mean value in the control group, was also introduced as another
effect size. The second outcome was the incidence of vitamin D
deficiency in patients with TC presented by odds ratio (OR) with
95% CIs. Random effects models were used to ensure the robustness
of these results. A subgroup analysis and a meta-regression were
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TABLE 2 Main characteristics of the included literature.

10.3389/fnut.2024.1423305

First author  Source of Country Type of thyroid
control cancer
1 Zhang, T Benign thyroid 2018 China Case-control Papillary 78 80 ELISA
disease
2 Debora Lucia Benign thyroid 2016 Brazil Case-control Papillary and follicular 199 234 CLIA
Seguro Danilovic disease
3 Jacqueline Benign thyroid 2013 United States | Case-control Papillary and follicular 48 17 LC-MS/MS
Jonklaas disease
4 M.-]. Hu Health control 2018 China Case-control Papillary 138 138 RIA
5 Tomasz Stepien Health control 2010 Poland Case-control Papillary, follocular, 50 26 RIA
anaplastic
6 Marissa Health control 2012 German Case-control Papillary, follicular 253 302 RIA
Penna-Martinez
7 M RAMEZANI Health control 2020 Iran Case-control Medullary 40 40 ELISA
8 Jie Kuang Benign thyroid 2022 China Case-control Papillary 127 128 HPLC
disease
9 Yun Mi Choi Health control 2015 Korea Case-control NA 53 5,133 RIA
10 | Qian Song Health control 2016 China Case-control Papillary 62 53 CLIA
11 M.-]. Hu Health control 2019 China Case-control Papillary, follicular, 506 506 RIA
medullary, anaplastic
12 | S.Yildiz Benign thyroid 2019 Turkey Case-control Papillary, medullary, 78 101 CLIA
disease follicular
13 | Michael Roskies, Benign thyroid 2012 Canada Cohort study NA 42 58 NA
BSc disease
14 | Zahra Heidari Health control 2017 Iran Case-control Differentiated 85 85 EIA
15 | A. M. Cocolos Benign thyroid 2022 Romania Cross-sectional Papillary, follicular 170 200 CLIA
disease
16 | Mustafa Sahin Health control 2013 Turkey Case-control Follicular, papillary 344 116 ELISA
17 | Zhang, Dagi Benign thyroid 2023 China Case-control Papillary 51 49 LS-MS/MS
disease
18 | Wiwanitkit, V Benign thyroid 2010 Thailand Case-control Papillary, follicular, 50 34 EIA
disease anaplastic
19 | Lee, S Health control 1982 Japan Cross-sectional Medullary 8 22 CPBA
20 Emmertsen, K Health control 1982 Danmark Cross-sectional Medullary 12 36 CPBA
21 Emami, Ali Health control 2017 Iran Cross-sectional Medullary 40 40 ELISA

NA, not applicable.

conducted based on the timing of measurement and the source of
the controls.

A dose-response meta-analysis for a deeper explanation of
correlation between the vitamin D level and the risk of TC
was also conducted. Firstly, we tested the potential non-linearity
in the correlation between vitamin D level and the risk of TC
through a fixed-effect restricted cubic spline model with four
knots at the percentiles of 5, 35, 65, and 95% of the distribution.
Then we estimated the linear trend from the correlated ORs and
95% Cls across categories of vitamin D using generalized least
squares regression.

Heterogeneity was estimated using I? statistics indicating
the percentage of heterogeneity that is beyond chance (low
heterogeneity: I < 25%; moderate heterogeneity: I> = 25-
50%; strong heterogeneity: 1> > 50%). Sensitivity analysis was
conducted to evaluated the stability of the results. Finally,
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we assessed the publication bias through Beggs test and
Eggers test.

Results were considered statistically significant when p-value
was <0.05, and all statistic analysis were conducted using STATA
14.0 software.

3 Results

3.1 Study selection, characteristics, and
quality assessment

Two thousand one hundred thirty-two articles were yielded
through databases searching. After the removal of reduplicates,
2,082 articles remained for the screening of titles. The abstracts
of 135 articles were assessed, and finally 28 articles went through
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TABLE 3 Quality of included cohort and case-control studies.

10.3389/fnut.2024.1423305

First author Study design  Selection Comparability Outcome/ Total number of
exposure stars
Zhang, T 2018 Case-control 0 2 6
Debora Lucia Seguro Danilovic 2016 Case-control 2 3 9
Jacqueline Jonklaas 2013 Case-control 2 3 7
M.-]. Hu 2018 Case-control 2 3 8
Tomasz Stepien 2010 Case-control 2 3 8
Marissa Penna-Martinez 2012 Case-control 2 3 8
M RAMEZANI 2020 Case-control 2 3 8
Jie Kuang 2022 Case-control 2 3 8
Yun Mi Choi 2015 Case-control 0 3 7
Qian Song 2016 Case-control 2 3 8
M.-]. Hu 2019 Case-control 2 3 8
S Yildiz 2019 Case-control 2 3 8
Michael Roskies, BSc 2012 Cohort study 2 3 9
Zahra Heidari 2017 Case-control 2 3 8
Mustafa S, ahin 2013 Case-control 2 3 8
Zhang, Dagqi 2023 Case-control 2 2 8
‘Wiwanitkit, V 2010 Case-control 0 2 6

TABLE 4 Quality of included cross-sectional studies.

First author A.M. Cocolos Emmertsen, K Emami, Ali
Define the source of information Yes Yes No Yes

List the inclusion and exclusion criteria Yes Yes Yes Yes
Indicate time period Yes Unclear No Yes
Indicate whether the subjects were consecutive Yes Unclear Unclear Unclear
Indicate if evaluators of subjective components were masked No No No No
Describe any assessment for quality assurance Yes Yes Yes Yes
Explain any patients exclusions from analysis Unclear Unclear Yes Yes
Describe how confounding was assessed or controlled Unclear No No Yes
Explain how missing data were handled Unclear Unclear Unclear Unclear
Summarize patients response rate Yes Unclear Unclear Unclear
Clarify what follow-up was expected and percentage of which incomplete data obtained | Unclear Unclear Unclear Unclear

full-text screening. Eventually, 21 eligible published articles were
included according to the inclusion and exclusion criteria. A flow
diagram of study selection is presented in Figure 1.

The included articles were published from 1982 to 2020 and
involved 2,434 patients and 7,398 controls, with six of them
conducted in China, three from Iran, two from Turkey, and others
from Brazil, the United States, Poland, German, Korea, Canada,
Romania, Thailand, Japan and Denmark. Sixteen Studies reported
the level of vitamin D in cases and controls, 9 reported the OR and
95% Cls, and three reported the dose-response data of vitamin D
level and the risk of thyroid cancer. Among all eligible studies, 16
of them were case-control studies, four were cross-sectional studies
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and one was cohort study. The main characteristics of included
studies are shown in Table 2.

All case-control studies got no <6 stars and the cohort study got
full stars. The results suggested a relatively high quality (Tables 3, 4).

3.2 Vitamin D levels

Twelve studies had evaluated the blood levels of 25 (OH)D in
patients with thyroid cancer and controls. The pooled standardized
mean difference between the 25 (OH)D levels in TC patients and
the controls was —0.25 (95% CI: —0.38, —0.12; P < 0.05) with a
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Effect %
First author (Year) (95% Cl) Weight
Debora Lucia Seguro Danilovic (2016) -0.08 (-0.27, 0.11) 14.18
Jacqueline Jonklaas (2013) -0.55 (-1.13, 0.04) 3.92
M.J.Hu (2018) -0.29 (-0.53, -0.05) 12.02
Jie Kuang (2022) -0.03(-0.27,022)  11.73
Qian Song (2016) -0.39 (-0.76, -0.01) 7.51
SYildiz (2019) 0.07 (-0.23, 0.37) 9.84
Zahra Heidari (2017) -0.68 (-1.00, -0.37) 9.10
A.M. Cocolos (2022) -0.25 (-0.46, -0.05) 13.42
Zhang, Daqi (2023) -0.26 (-0.65, 0.14) 6.99
Lee, S (1982) -0.44 (-1.26, 0.38) 2.20
Emmertsen, K (1982) -0.11 (-0.76, 0.55) 3.26
Emami, Ali (2017) -0.48 (-0.93, -0.03) 5.83
Overall, DL (I’ = 46.0%, p = 0.041) -0.25(-0.38,-0.12)  100.00
I
-1

FIGURE 2

Forest plots and pooled estimates of the effect for the meta-analysis of the standardized mean difference between the 25 (OH)D levels in the patients

with thyroid cancer and the controls.

TABLE 5 Results of subgroup analysis for the SMD of 25 (OH)D levels.

Characteristic P for
heterogeneity

Overall 12 —0.25(—0.38,—0.12) 46.0% 0.041
Methods of measurement CLIA 4 —0.15(—0.31-0.02) 40.8% 0.167
LC-MS/MS 2 —0.35 (—0.68,—0.02) 0.0% 0.421

RIA 1 —0.29 (—0.53,—0.05) 0.0% <0.000

HPLC 1 —0.03 (—0.27,0.22) 0.0% <0.000

EIA 1 —0.68 (—1.00,—0.37) 0.0% <0.000

CPBA 2 —0.24 (—0.75,0.27) 0.0% 0.537

ELISA 1 —0.48 (—0.93,—0.03) 0.0% <0.000

Timing of measurement Prediagnosis 8 —0.23 (—0.40,—0.06) 61.4% 0.011
Postdiagnosis 4 —0.32(—0.51,—0.12) 0.0% 0.797

Sample source Serum 11 —0.25 (—0.39,—0.10) 49.9% 0.030
Plasma 1 —0.29 (—0.53,—0.05) 0.0% <0.000

Country Brazil 1 —0.08 (—0.27,0.11) 0.0% <0.000
United States 1 —0.55 (—1.13,0.04) 0.0% <0.000

China 4 —0.21 (—0.37,—0.05) 13.9% 0.323
Turkey 1 0.07 (—0.23,0.37) 0.0% <0.000

Iran 2 —0.62 (—0.88,—0.36) 0.0% 0.466
Romania 1 —0.25 (—0.46,—0.05) 0.0% <0.000
Japan 1 —0.44 (—1.26,0.38) 0.0% <0.000
Denmark 1 —0.11 (—0.76,0.55) 0.0% <0.000

Source of controls Benign thyroid disease 6 —0.13 (—0.25,—0.00) 21.5% 0.272
Health 6 —0.41 (—0.56,—0.26) 0.0% 0.448
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moderate heterogeneity (I = 46.0%, P < 0.05), which indicated
that the blood levels of 25 (OH)D in TC patients were significantly
lower than those in the control group (Figure 2). To explore the
source of heterogeneity, several subgroup analyses were conducted.
Table 5 show the results of subgroup analyses based on the testing
method of 25 (OH)D, the timing of measurement of 25 (OH)D,
the sample source, the countries where the included studies were
conducted and the source of controls. The outcomes suggested that
the results of this meta-analysis were significant regardless of these
factors. Moreover, the heterogeneity of the subgroups using health
individuals and individuals with benign thyroid diseases as control
groups were 0.0% (P = 0.448) and 21.5% (P = 0.272), respectively,
indicating that the source of controls was a prominent cause of

TABLE 6 Results of the meta-regression for the level of 25 (OH)D.

10.3389/fnut.2024.1423305

heterogeneity. The results of the meta-regression for each covariate
are presented in Table 6, demonstrating that the source of controls
(P = 0.02) and the age of participants (P = 0.009) were the source
of the heterogeneity. The results of sensitivity analysis showed that
the removal of any single trial did not affect the significance of the
outcome (Figure 3). The funnel plot is shown in Figure 4, and the
Eggers’ and Beggs’ tests did not reveal any significant publication
bias (P = 0.205, P = 0.451). And the pooled RoM for level of 25
(OH)D was 0.87 (95% CI: 0.81,0.94; P < 0.05; I? = 74.7%), which
indicated that the 25 (OH)D level in TC cases was 13% lower than
that in controls (Figure 5).

Four studies had reported the blood levels of 1,25 (OH)D in
cases with TC and controls. As shown in Figure 6, the pooled
standardized mean difference was —0.49 (95% CI: —0.80, —0.19; P
< 0.05) with a heterogeneity of 37.3% (P = 0.188). The pooled RoM
was 0.90 (95% CI: 0.85, 0.96; P < 0.05; I? = 79.0%), demonstrating
that the 1,25 (OH)D level in TC cases were 10% lower than in

Covariate  Coefficient = 95% confidence  P-value
interval controls (Figure 7).
Methods of —0.29 (—0.67,0.09) 0.568
measurement
rimingof 0.98 (027, 0.47) 0:368 3.3 The association between vitamin D
deficiency and the risk of TC
Country —0.55 (—1.40, 0.30) 0.149
Sample source 0.04 (=0.47,0.55) 0.866 This meta-analysis included nine studies, demonstrating that
Source of 0.29 (0.06, 0.52) 0.020 vitamin D deficiency was associated with a higher risk of TC
controls (pooled OR: 1.49, 95% CI: 1.23, 1.80; P < 0.05) (Figure 8). And
Year 0.00 (—0.15,0.02) 0.756 the heterogeneity was not significant (I*> = 21.6%, P = 0.251).
Subgroup analyses demonstrated that the result of the meta-
Age 0.03 (0.01, 0.04) 0.009 ) o
analysis was significant regardless of whether the source of controls
Proportion of —027 (=172, 1.19) 0.691 were healthy individuals or patients with benign thyroid disease
women (Table 7). However, the subgroup whose vitamin D levels were
Meta-analysis estimates, given named study is omitted
| Lower CI Limit O Estimate | Upper CI Limit
Debora Lucia Seguro Danilovic o |
Jacqueline Jonklaas I O |
M.J.Hu | D |
Jie Kuang || o}
Qian Song e}
SYildiz | | o
Zahra Heidari | e} |
A.M. Cocolos | | O |
Zhang, Daqi | Q |
Lee, S [ o) I
Emmertsen, K | e}
Emami, Ali | o |
1
-0.42 -0.38 -0.25 -0.12 -0.09
FIGURE 3
Sensitivity analysis of the standardized mean difference between the 25 (OH)D levels in the patients with thyroid cancer and the controls.
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FIGURE 5

Forest plots and pooled estimates of the effect for the meta-analysis of the ratio of means between the 25 (OH)D levels in the patients with thyroid

cancer and the controls.

measured before the diagnosis of TC showed an insignificant
results, which might be due to the limited number of trials
included in the subgroup (Table 7). The results of meta regression
are shown in Table 8, and the sensitivity analysis confirmed the
stability of this meta-analysis (Figure 9). The publication bias was
not significant according to the results of Eggers and Beggs tests
(P=0.394, P =0.917).
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3.4 Dose-response meta-analysis

Finally, we evaluated the dose-response relationship
between the level of blood 25 (OH)D and the risk
of TC. As shown in Figurel0, a significant linear
correlation between blood 25 (OH)D level and the risk
of TC. For each 10ng/ml decrease in 25 (OH)D levels,
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Forest plots and pooled estimates of the effect for the meta-analysis of the ratio of means between the 1, 25 (OH)D levels in the patients with thyroid

cancer and the controls.

there is a 6% increase in the risk of TC (OR: 0.94;

95% CI: 0.89, 0.99).

4 Discussion

In the past few years, vitamin D has attracted clinical interest
for its association with cancers. Several observational studies have
demonstrated a correlation between vitamin D deficiency and
the occurrence and fatality of various types of cancer (28-35).
Additionally, laboratory investigations have provided substantial
evidence supporting the anticancer properties of vitamin D
through vitamin D receptor binding or indirect interaction
with transcriptional regulators and cell signally systems (36-38).
Specifically, vitamin D has demonstrated the ability to impede
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the expression of proto-oncogene c-MYC, while concurrently
promoting the accumulation of p27. Consequently, this regulation
of the cell cycle ultimately leads to the inhibition of cellular
proliferation (39-41). Furthermore, vitamin D has been observed
to enhance the expression of fibronectin via the PTEN/PI3 kinase
pathway, as well as reverse the cadherin switch. As a result, this
leads to a reduction in the invasion and metastasis of cancer
cells (42, 43). In addition, the potential of vitamin D to improve
the inflammatory micro-environment in TC by inhibiting the
proliferation of Th1 and Th17 as well as the expression of cytokines
such as IL-1, IL-17 and IL-21 has been reported (44, 45). Although
preclinical trials have revealed the potential anticancer effect of
vitamin D and that vitamin D receptor polymorphisms are likely to
be closely correlated with the risk of TC, data from human remain
to be inconsistent (6). A number of studies have suggested that
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FIGURE 8
Forest plots and pooled estimates of the effect for the meta-analysis of the association between vitamin D deficiency and the risk of thyroid cancer.

TABLE 7 Results of subgroup analysis for the association between vitamin D deficiency and the risk of thyroid cancer.

Characteristic Subgroup Number of studies OR (95% Cl) P for
heterogeneity

Overall 9 1.49 (1.23, 1.80) 21.6% 0.251

Source of controls Benign thyroid disease 4 1.76 (1.15, 2.68) 39.1% 0.177

Health controls 5 1.33(1.02, 1.73) 0.0% 0.420

Timing of measurement Prediagnosis 7 1.63 (1.31,2.01) 0.0% 0.490

Postdiagnosis 2 1.00 (0.62, 1.63) 15.6% 0.276

vitamin D level is unreliable as a risk and prognostic factor for TC,
while others have linked vitamin D status to the risk of TC (46—
49). Thus, a meta-analysis is necessary to comprehensively analyze
existing clinical evidence and draw a conclusion. Despite 2 relative
meta-analyses published, new clinical evidence has been published
in the last few years (24, 25). Thus, we updated the included
literature and performed a completely new meta-analysis. Our
analysis reported the difference between the levels of 1,25 (OH)D in
TC cases and controls for the first time. Additionally, we introduced
RoM, a new effect size, to determine the difference between vitamin
levels in TC cases and the controls, so that the disparity in vitamin
D levels between groups can be easily demonstrated in percentage
terms, which was easier to clinically interpret compared to SMD,
a classical effect size of meta-analysis for continuous data. (50).
As far as we know, our study was the first to conduct a dose-
response meta-analysis to reveal the relationship between the status
of vitamin D and the risk of TC.

Based on 21 trials involving 2,434 patients with TC and 7,398
controls, our meta-analysis indicated that the blood level of 25
(OH)D in TC cases was significantly lower than that in healthy
individuals or those with benign thyroid diseases. This outcome
did not differ by the testing methods of 25 (OH)D, countries where
the studies conducted, the timing of 25 (OH)D measurement,
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TABLE 8 Results of the meta-regression for the association between
vitamin D deficiency and the risk of thyroid cancer.

Covariate Coefficient 95% P-value
confidence
interval
Timing of 0.14 (—0.45,0.73) 0.587
measurement
Source of controls 0.26 (—0.29,0.81) 0.302

the source of samples, and the source of the controls, which
was consistent with the results of the previous meta-analysis.
Subgroup analysis and meta regression indicated that the source
of controls were the major source of the heterogeneity, which was
noteworthy. Actually, we found a few articles regarding relatively
low vitamin D status in patients with benign thyroid disease
such as thyroid nodules (51, 52). Regrettably, studies on the
mechanism linking vitamin D and thyroid disease are still primarily
focused on autoimmune thyroiditis and thyroid cancer, with other
benign thyroid diseases receiving inadequate attention. Thus, more
experimental evidence is urgently needed to clarify the mechanism
lying behind the results of our subgroup analysis. Nevertheless, we
still found the level of 25 (OH)D in TC cases significant lower
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than cases with benign thyroid disease, which make the level of 25
(OH)D still a potential and valuable risk factor for TC. Moreover,
according to the results of meta-regression, the age of participants
was another source of the heterogeneity, which was not surprising
since cumulative studies had reported the effect of age on serum
vitamin D level and on the capacity of human skin to produce
vitamin D (53, 54).

We first reported that the level of 25 (OH)D in cases with
TC was likely to be 13% lower than in controls. And our study
was the first meta-analysis reporting the level of 1, 25 (OH)D, the
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hormonally active form of vitamin D, in TC cases. As shown in our
article, the blood level of 1,25 (OH)D was relatively low and might
be 10% lower than that in controls, which was not mentioned in any
previous meta-analysis. The outcome of our meta-analysis had also
demonstrated that vitamin D deficiency might potentially increase
the risk of TC by 49%. This association was significant in subgroups
of both healthy controls and benign thyroid disease. Although it
was not significant in the subgroup whose vitamin D levels were
measured before the diagnosis of TC, we considered the reliability
of this result to be limited. Because only two trials were included
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in this subgroup which could lead to a false negative outcome from
a statistic standpoint. Finally, our study firstly conducted a dose-
response meta-analysis between the level of vitamin D and the risk
of TC. Our results showed an inverse linear association between 25
(OH)D level and the TC risk and 10 ng/ml of increase in 25 (OH)D
level was correlated with 6% lower risk of TC.

Several limitations of this meta-analysis warrant attention.
First, the majority of the included studies were case-control
studies, thereby posing challenges in establishing a definitive causal
relationship between vitamin D levels and the risk of TC. Therefore,
more prospective cohort studies on a larger scale were expected
to improve the reliability of our analysis. Secondly, the standards
of vitamin D deficiency were inconsistent, which was likely to
influence the results of meta-analysis adopting OR as the effect size.
Third, several studies included cases with multiple pathological TC
types and lacked the necessary data of cases with each kind of TC,
which created a barrier to performing a subgroup analysis based
on types of TC. Forth, we failed to explore the impact of multiple
factors including body-mass index, dietary habits and smoking on
the results of the meta-analyses due to the absence of data. Thus,
more articles published with complete data would be needed in the
future to address these issues.

5 Conclusion

The findings of our study indicate that individuals with TC
have lower blood levels of 25 (OH)D and 1,25 (OH)D compared
to controls. Additionally, an inverse linear correlation between
25 (OH)D level and the risk of TC is existed. Thus, although
numerous negative results have been published, we still propose
vitamin D deficiency as a potential risk factor for TC. Furthermore,
robust clinical and preclinical evidence is needed for a large, well-
executed and more inclusive systematic review with meta-analysis
on this topic.
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