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Background/Aims: Previous studies have suggested that elevated serum vitamin
D levels might protect against thyroid cancer. Elevated serum thyroid stimulat-
ing hormone levels and autoimmune thyroid disease (AITD) are suggested to be
thyroid cancer promoting factors but have not been well controlled in previous
studies. We designed the present study to evaluate whether serum vitamin D
levels are associated with thyroid cancer in euthyroid patients with no clinical
evidence of AITD.

Methods: This cross-sectional study included subjects who underwent routine
health check-ups, including serum 25-hydroxy vitamin D3 (25(OH)D3) levels,
anti-thyroid peroxidase antibody (TPO-AD), and thyroid ultrasonography (US).
Inclusion criteria were euthyroid, negative TPO-Ab, and no evidence of AITD by
US findings. Thyroid cancer diagnoses were based on fine needle aspiration cy-
tology and/or postsurgical histopathological findings.

Results: We enrolled 5,186 subjects (64% male, 37% female) in this study, includ-
ing 53 patients (1%) with a diagnosis of thyroid cancer (33 males, 20 females). Mean
25(OH)D3 levels were similar between the thyroid cancer and control groups
(p = 0.20). Subgroup analysis according to sex or seasonal variation also revealed
no differences in 25(OH)D3 levels between the two groups. Based on the levels of
25(OH)D3, there was no significant difference in the prevalence of thyroid cancer;
the prevalence was 0.71%, 0.94%, 1.40%, and 0.82% in the deficient, insufficient,
sufficient, and excess groups, respectively (p = 0.64).

Conclusions: The levels of serum 25(OH)D3 are not associated with thyroid can-
cer prevalence in euthyroid subjects with no clinical evidence of AITD.
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INTRODUCTION

prostate cancer. It has received considerable recent at-

Vitamin D is a pleiotropic hormone that affects both
classical and nonclassical tissues, principally through
the vitamin D receptor [1,2]. In addition to its role in
calcium homeostasis, it has been associated with risk
for several types of cancer, including colon, breast, and
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tention as it exerts effects on cell proliferation, differ-
entiation, apoptosis, and anti-angiogenesis [3-7]. Some
experimental studies have suggested that vitamin D can
protect against thyroid cancer [8-11]. However, clinical
evidence for an association between lower serum vi-
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tamin D levels and an increased prevalence of thyroid
cancer has been inconsistent [12-18].

The presence of autoimmune thyroid disease (AITD)
and higher levels of serum thyroid stimulating hormone
(T'SH) have been considered to be risk factors for malig-
nancies in thyroid nodules [19-21]. Previous studies have
reported that the risk of thyroid malignancy in patients
with nodular thyroid disease was increased by elevated
serum TSH levels, even those within normal ranges, and
higher serum TSH levels have also been associated with
a more advanced stage of thyroid cancer [22]. Addition-
ally, the presence of pathologically confirmed Hashimo-
to’s thyroiditis is associated with an increased risk of
differentiated thyroid cancer, and has also been related
to high TSH levels [23,24]. Therefore, the presence of
AITD or elevated serum TSH levels may be serious con-
founding factors in evaluating the relationship between
serum vitamin D levels and thyroid cancer. Previous
studies did not control for these confounding factors,
which might explain the inconsistent results obtained
in these earlier reports.

This study aimed to evaluate the possible association
between serum 25-hydroxy vitamin D3 (25(OH)D3) lev-
els and thyroid cancer in a relatively large cohort using
thyroid ultrasonography (US) screening. Importantly,
we included subjects with normal thyroid function who
showed no evidence of AITD according to serum anti-thy-
roid peroxidase antibody (TPO-Ab) and US findings.

METHODS

Subjects
We included subjects who underwent routine health
check-ups at Asan Medical Center between 2008 and
2012. All subjects were interviewed and examined by
physicians at the Health Promotion Center. Informa-
tion about previous disease history, medication, and
history of previous surgery was obtained from patients
via self-administered questionnaires. Subjects were test-
ed for TSH, free thyroxine (T4), serum 25(OH)D3, and
TPO-Ab, and were simultaneously examined using thy-
roid US as previously reported [25].

Patients with positive TPO-ADb or US findings of het-
erogeneous parenchymal echogenicity that suggested
ATTD were excluded from this study. We also excluded
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subjects with abnormal thyroid, liver, or kidney function,
a history of any thyroid disease or thyroid surgery, a fam-
ily history of thyroid cancer, or any medication history
that involved taking calcium or vitamin D supplements.

Seasons for the dates of health check-ups were catego-
rized as spring (March to May), summer (June to August),
fall (September to November), and winter (December to
February) [26]. This study was approved by the Institu-
tional Review Board of the Asan Medical Center, Seoul,
Korea.

Laboratory measurements and US examinations
The serum 25(OH)D3 concentration was determined us-
ing the DIA source 250H-Vit.D3-Ria-CT Kit (DIAsource
ImmunoAssays S.A., Louvain-La-Neuve, Belgium; Co-
bra II Auto-y Counting System, Packard Instruments,
Downers Grove, IL, USA). We defined 25(OH)D3 levels as
vitamin D deficient (< 10 ng/mL, n = 280 [5.4%]), insuffi-
cient (10 to 30 ng/mL, n = 3,285 [63.3%)]), sufficient (30 to
50 ng/mL, n =1,257 [24.3%)), or excess (> 50 ng/mL, n =364
[7%)]) [25,27]. The serum TPO-ADb concentration was de-
termined using a BRAHMS anti-TPOn Radioimmuno-
assay (RIA) kit (Thermo Scientific, Darmstadt, Germa-
ny) with a functional sensitivity of 30 U/mL. A TPO-Ab
level exceeding 6o U/mL was considered to constitute a
positive TPO-AD reading. Levels of serum TSH and free
T4 were measured using the TSH-CTK-3 immunora-
diometric assay kit (DiaSorinS.p.A, Saluggia, Italy) and
free T4 RIA kit (Beckman Coulter/I[mmunotech, Prague,
Czech Republic), respectively.

Identification of thyroid cancer

Among 5,186 subjects, 2,796 had cystic or solid nodules
on thyroid US. Fine needle aspiration cytology (FNAC)
was performed on 350 patients based on principles that
have been described previously [28]. Among these pa-
tients, 26 were confirmed as thyroid cancer by histo-
pathological results after surgery at the Asan Medical
Center, including 23 classic PTC, two follicular variant
PTC, and one medullary thyroid cancer. Additionally,
27 patients were diagnosed with ‘Bethesda VI: papillary
thyroid carcinoma’ or ‘Bethesda V: suspicious for ma-
lignancy’ by FNAC but did not undergo surgery at Asan
Medical Center. We included these two categories of pa-
tients in the thyroid cancer group, and overall there were
53 patients with thyroid cancer included in this study.
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Statistical analysis

Continuous variables are expressed as mean + standard
deviation and categorical variables are presented as
number (%). Continuous variables were compared using
the Student t test. Comparisons between groups of cate-
gorical variables were carried out using the Fisher exact
test (two-sided). We performed univariate analysis of the
association of thyroid cancer prevalence with various
clinical parameters using a binary logistic regression
model. The R software package version 3.0 (R Founda-
tion for Statistical Computing, Vienna, Austria; http://
www.R-project.org) was used for statistical analysis. All
p values were two sided and p < 0.05 was considered to
denote a statistically significant difference.

RESULTS

Baseline clinical characteristics of control and thy-
roid cancer subjects

A total of 5,186 subjects (male 63.5%; female 36.5%) with-
out evidence of AITD were eligible for this study. We
diagnosed 53 patients (1.02%) as thyroid cancer (33 males
and 20 females). The clinical characteristics of the thy-
roid cancer and control groups are described in Table 1.
There was no significant difference in variables between
the two groups.
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Serum 25(OH)D3 levels in the thyroid cancer and
control subjects

We compared 25(OH)D3 levels between the thyroid can-
cer and control groups (Table 2). There was no signif-
icant difference in 25(OH)D3 levels between the two
groups (28.5 + 13.1 ng/mL vs. 26.0 + 14.1 ng/mL, p = 0.20).
This pattern was similar in a subgroup analysis accord-
ing to gender (male, 29.0 + 13.9 ng/mL vs. 27.2 + 14.4 ng/
mlL, p = 0.46; female, 27.7 + 12.0 ng/mL vs. 23.9 * 13.4 ng/
mL, p = 0.22). To dissect the effects of seasonal variation
on serum vitamin D levels, we also evaluated 25(OH)D3
levels during each season. Similarly, in all seasons, there
was no significant difference in 25(OH)D3 levels between
thyroid cancer and control patients (Table 2).

The prevalence of thyroid cancer according to the
serum 25(OH)D3 levels
We classified study subjects into four groups according
to 25(OH)D3 levels as follows: deficient (< 10 ng/mL), insuf-
ficient (10 to 30 ng/mL), sufficient (30 to 50 ng/mL), and
excess (> 50 ng/mL). As shown in Table 3, there was no
significant difference in the prevalence of thyroid cancer
among the four groups; the frequency of thyroid cancer
was 0.71%, 0.94%, 1.40%, and 0.82% in the deficient, in-
sufficient, sufficient, and excess groups, respectively (p =
0.64). Subgroup analysis based on gender did not show
any differences between the serum 25(OH)D3 groups.

We performed univariate analysis to evaluate possible as-

Table 1. A comparison of the clinical characteristics between the thyroid cancer and control study subjects

Characteristic Total (n =5,186) Control (n=5,133)  Thyroid cancer (n = 53) pvalue
Age, yr 54.1%9.1 54.1%9.1 54.4£10.3 0.792
Female sex 1,892 (36.5) 1,872 (36.5) 20 (37.7) 0.967
BMI, kg/m* 24.2£3.2 24.2+3.2 24.7+33 0.290
Smoking 2,724 (52.6) 2,699 (52.6) 25 (47.2) 0.514
TSH, mU/L* 1.9+1.7 1.9+1.7 1.8+1.6 0.960
Free T4, ng/dL 13+0.2 13+0.2 13+0.2 0.681
Health check-up seasons 0.871

Spring 1,496 (29) 1,480 (29) 16 (30)

Summer 1,504 (29) 1,487 (29) 17(32)

Fall 1,175 (23) 1,163 (23) 12 (23)

Winter 1,006 (19) 998 (19) 8 (15)

Values are presented as mean + SD or number (%).

BMI, body mass index; TSH, thyroid stimulating antibody; T4, thyroxine.

Geometric mean.
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Table 2. Serum 25(0H)D3 levels between the thyroid cancer and control groups, and within each gender and season

Serum 25(OH)D3 level, ng/mL

Variable Thyroid cancer group Control group pvalue
Overall 28.5+13.1 26.0 £14.1 0.196
Sex
Male 29.0 £13.9 27.2£14.4 0.460
Female 27.7 £12.0 23.9 £13.4 0.217
Season
Spring 24.6 £10.3 23.9 £13.3 0.818
Summer 26.9 £11.9 26.6 £14.3 0.926
Fall 33.2+103 27.8 £14.9 0.207
Winter 32.6 £21.4 26.2+13.9 0.422

Values are presented as mean + SD.
25(0OH)D3, 25-hydroxy vitamin D3.

Table 3. The prevalence of thyroid cancer in the study patients grouped according to serum 25(0OH)D3 levels
Serum 25(OH)D3, ng/mL

Prevalence of

thyroid cancer No. Deficient (<10)  Insufficient (10—30)  Sufficient (30-50) Excess (> 50) pvalue®
(n =280) (n=3,285) (n=1,257) (n=364)

Total 5,186 2(071) 31(0.94) 17 (1.40) 3(0.82) 0.638

Male 3,202 1(0.82) 20 (0.97) 10 (1.18) 2 (0.77) 0.944

Female 1,894 1(0.64) 11 (0.90) 7 (1.72) 1(0.96) 0.475

Values are presented as number (%).
25(0OH)D3, 25-hydroxy vitamin D3.
p value estimated by Fisher exact test.

Table 4. Univariate analysis of the association between clinical parameters and thyroid cancer prevalence in the study subjects

Univariate analysis

Clinical parameter No. 0dds ratio (95% CI) AT
Vitamin D status
Deficient 280 0.73 (0.12—2.43) 0.669
Insufficient 3,285 Reference
Sufficient 1,257 139 (0.75-2..49) 0.272
Excess 364 0.84(0.20-2.37) 0.844
Sex
Male 3,292 Reference
Female 1,804 1.05 (0.59—1.83) 0.854
Age (per year) - 1.00 (0.97-1.03) 0.792
Smoking
Male
Non-smoker 688 Reference
Smoker 2,604 0.60 (0.29-1.33) 0.186
Female
Non-smoker 1,772 Reference
Smoker 122 1.46 (0.23-5.08) 0.613
Season
Spring 1,498 Reference
Summer 1,504 1.06 (0.53—2.12) 0.870
Fall 1,175 0.96 (0.44—2.02) 0.906
Winter 1,009 0.74 (0.30-1.69) 0.489

CI, confidence interval.
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sociations between thyroid cancer prevalence and various
clinical parameters using a binary logistic regression
model. There was no clinical parameter that showed a
statistically significant correlation with thyroid cancer
prevalence (Table 4).

DISCUSSION

The potential association between serum vitamin D lev-
els and thyroid cancer has been inconclusive based on
previous studies [29]. In some reports, lower levels of
serum vitamin D in thyroid cancer patients or a higher
malignancy rate in vitamin D-deficient individuals were
observed [12-15], and there was a correlation between se-
rum vitamin D levels and tumor size or staging [14,15).
However, others have detected no significant difference
in serum vitamin D levels between thyroid cancer and
control groups [16-18].

These previous studies had two important limitations.
First, serum T'SH levels and the presence of AITD could
be confounding factors in evaluating the association be-
tween serum vitamin D levels and thyroid cancer. How-
ever, it is unclear that they completely controlled for
these confounding factors. Therefore, our cross-section-
al study included subjects with normal thyroid function
and excluded subjects with any evidence of AITD; we
used serum TPO-Ab and thyroid US findings to com-
pletely control for this confounding factor. When we an-
alyzed patients with AITD separately, there was no sig-
nificant association between serum 25(OH)D3 level and
thyroid cancer prevalence (data not shown). The second
limitation of previous studies is reverse-causation bias.
Poor health conditions could reduce outdoor activities,
limit sun exposure, and alter the diet of study subjects
resulting in lower serum vitamin D levels [29]. Our study
included relatively healthy subjects in routine health
check-ups and newly diagnosed thyroid cancer patients
after thyroid US screening.

The incidence of thyroid cancer, especially PTC, has
been progressively increasing worldwide, and in Korea
the incidence was among the highest in 2008 [30,31]. Ac-
cording to the 2011 Korean Cancer Registry, its annual
incidence rate was 81.0 per 100,000 persons (men, 27.9;
women, 134.1), which represented 17.8% of all cancers di-
agnosed in South Korea in 2011. The relative ease of thy-
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roid cancer detection using high-resolution US may have
contributed the more frequent diagnosis of thyroid can-
cer; however, it cannot fully explain the increased occur-
rence and there likely has been a real increase in thyroid
cancer incidence [32]. To identify the cause of the increase
in thyroid cancer incidence, diverse causes, including ge-
netic and environmental factors, have been proposed [33].

A high prevalence of vitamin D deficiency and insuf-
ficiency has been reported worldwide [34]. In Korea, vi-
tamin D deficiency has become a public health problem
not only in elderly persons, but also in younger indi-
viduals because of changes in lifestyle and occupations.
The prevalence of vitamin D deficiency, defined as se-
rum 25(OH)D3 levels below 30 ng/mL, was 86.8% in men
and 93.3% in women [35]. Various experimental studies
have suggested that vitamin D has a strong likelihood
of exerting anti-cancer bioactivities [1]. The vitamin D
receptor is expressed in most human tissues. Studies
using in vitro and in vivo experimental models suggested
that 1,25-dihydroxy vitamin D3 promotes cell differen-
tiation, inhibits cancer cell proliferation, and exhibits
anti-inflammatory, pro-apoptotic, and anti-angiogen-
esis properties [1]. However, in human cancer preven-
tion, vitamin D has not been widely accepted in variable
human cancers, including thyroid cancer [29]. In this
study, we measured serum 25OH)D3 levels in thyroid
cancer and control patients after US screening in a large
cohort with normal thyroid function and without any
evidence of AITD. Our present findings support nei-
ther protective roles nor adverse effects of vitamin D on
thyroid cancer development. Even, some studies have
raised concerns about a potential association between
increased risk for selected cancers and high levels of se-
rum vitamin D [1,36].

This study had several limitations. First, it employed a
cross-sectional design. In this study, thyroid cancer was
identified as part of routine clinical practice base on the
sonographic finding and size of thyroid nodule. So we
could not totally exclude the possibility of false negative
patients in control group. Second, there was a possibil-
ity of selection bias because we enrolled subjects who
visited a Health Promotion Center for routine health
check-ups. Third, there was a limitation in confirming
the final histopathological results in some thyroid can-
cer patients because these patients had a confirmation
of thyroid cancer based on FNAC results and most of
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them were treated at another hospital. Lastly, ultrahigh
performance liquid chromatography-tandem mass spec-
trometry was considered to be the gold standard for
measuring 25(OH)D3, but this assay was not routinely
used by reference laboratories for clinical samples [37].
However, our study had the advantage of including a
relatively large number of subjects to evaluate the prev-
alence of thyroid cancer, and about 1% of the subjects
were classified in the thyroid cancer group. We only in-
cluded newly diagnosed thyroid cancer after US screen-
ing and included subjects with normal thyroid function
and no evidence of AITD to control for this important
confounding factor. Thyroid cancer incidence in anoth-
er large cohort of vitamin D3 deficiency without AITD
needs to confirm our findings.

In conclusion, there was no significant association be-
tween serum 25(OH)D3 levels and thyroid cancer in our
US screened cohort with normal thyroid function and
no clinical evidence of AITD.

KEY MESSAGE

1. Vitamin D is a pleiotropic hormone and its el-
evated serum levels were suggested to protect
against thyroid cancer.

2. The presence of autoimmune thyroid disease
(AITD) and higher levels of serum thyroid stim-
ulating hormone have been considered to be
risk factors for malignancies in thyroid nodules.

3. In our study, there was no significant associa-
tion between serum 25(OH)D3 levels and thyroid
cancer in our ultrasonography-screened cohort
with normal thyroid function and no clinical
evidence of AITD.

Conflict of interest
No potential conflict of interest relevant to this article
was reported.

Acknowledgments

This paper was supported by Bumsuk Academic Re-
search Fund in 2014.

https://doi.org/10.3904/kjim.2015.090

KJIM™

REFERENCES

10.

11.

12.

13.

Rosen CJ, Adams JS, Bikle DD, et al. The nonskeletal ef-
fects of vitamin D: an Endocrine Society scientific state-
ment. Endocr Rev 2012;33:456-492.

Wolden-Kirk H, Gysemans C, Verstuyf A, Mathieu C. Ex-
traskeletal effects of vitamin D. Endocrinol Metab Clin
North Am 2012;41:571-504.

Garland CF, Garland FC, Gorham ED, et al. The role of
vitamin D in cancer prevention. Am J Public Health
20006;96:252-261.

Holick MF. Vitamin D: its role in cancer prevention and
treatment. Prog Biophys Mol Biol 2006;92:49-59.

Cheung FS, Lovicu FJ, Reichardt JK. Current progress in
using vitamin D and its analogs for cancer prevention and
treatment. Expert Rev Anticancer Ther 2012;12:811-837.
Chung M, Lee J, Terasawa T, Lau J, Trikalinos TA. Vitamin
D with or without calcium supplementation for preven-
tion of cancer and fractures: an updated meta-analysis for
the U.S. Preventive Services Task Force. Ann Intern Med
2011;155:827-838.

Krishnan AV, Feldman D. Mechanisms of the anti-cancer
and anti-inflammatory actions of vitamin D. Annu Rev
Pharmacol Toxicol 2011;51:311-336.

Clinckspoor I, Verlinden L, Mathieu C, Bouillon R,
Verstuyf A, Decallonne B. Vitamin D in thyroid tumor-
igenesis and development. Prog Histochem Cytochem
2013;48:65-98.

Dackiw AP, Ezzat S, Huang P, Liu W, Asa SL. Vitamin D3
administration induces nuclear p2y accumulation, re-
stores differentiation, and reduces tumor burden in a
mouse model of metastatic follicular thyroid cancer. En-
docrinology 2004;145:5840-5846.

Liu W, Asa SL, Fantus IG, Walfish PG, Ezzat S. Vitamin D
arrests thyroid carcinoma cell growth and induces p27
dephosphorylation and accumulation through PTEN/
akt-dependent and -independent pathways. Am ] Pathol
2002;160:511-519.

Balla B, Kosa JP, Tobias B, et al. Marked increase in CY-
P24A1 gene expression in human papillary thyroid can-
cer. Thyroid 2011;21:459-460.

Roskies M, Dolev Y, Caglar D, et al. Vitamin D deficiency
as a potentially modifiable risk factor for thyroid cancer. J
Otolaryngol Head Neck Surg 2012;41:160-163.
Penna-Martinez M, Ramos-Lopez E, Stern J, et al. Vitamin

D receptor polymorphisms in differentiated thyroid car-

www.Kkjim.org 107


www.kjim.org

KJ

14.

15.

16.

17.

18.

19.
20.

21.

22.
23.

24.

108

IM™

cinoma. Thyroid 2009;19:623-628.

Stepien T, Krupinski R, Sopinski J, et al. Decreased 1-25
dihydroxyvitamin D3 concentration in peripheral blood
serum of patients with thyroid cancer. Arch Med Res
2010;41:190-194.

Sahin M, Ucan B, Ginis Z, et al. Vitamin D3 levels and in-
sulin resistance in papillary thyroid cancer patients. Med
Oncol 2013;30:589.

Laney N, Meza J, Lyden E, Erickson J, Treude K, Goldner
W. The prevalence of vitamin D deficiency is similar be-
tween thyroid nodule and thyroid cancer patients. Int J
Endocrinol 2010;2010:805716.

Jonklaas J, Danielsen M, Wang H. A pilot study of serum
selenium, vitamin D, and thyrotropin concentrations in
patients with thyroid cancer. Thyroid 2013;23:1079-1086.
Zhang LR, Sawka AM, Adams L, Hatfield N, Hung RJ.
Vitamin and mineral supplements and thyroid cancer: a
systematic review. Eur ] Cancer Prev 2013;22:158-168.

Boi F, Minerba L, Lai ML, et al. Both thyroid autoimmunity
and increased serum TSH are independent risk factors
for malignancy in patients with thyroid nodules. ] Endo-
crinol Invest 2013;36:313-320.

Fiore E, Rago T, Latrofa F, et al. Hashimoto’s thyroiditis is
associated with papillary thyroid carcinoma: role of TSH
and of treatment with L-thyroxine. Endocr Relat Cancer
2011;18:429-437.

Wu X, Lun Y, Jiang H, et al. Coexistence of thyroglobulin
antibodies and thyroid peroxidase antibodies correlates
with elevated thyroid-stimulating hormone level and
advanced tumor stage of papillary thyroid cancer. Endo-
crine 2014;46:554-560.

Fiore E, Vitti P. Serum T'SH and risk of papillary thyroid
cancer in nodular thyroid disease. J Clin Endocrinol Me-
tab 2012;97:1134-1145.

Paparodis R, Imam S, Todorova-Koteva K, Staii A, Jaume
JC. Hashimoto’s thyroiditis pathology and risk for thy-
roid cancer. Thyroid 2014;24:1107-1114.

Jankovic B, Le KT, Hershman JM. Clinical review:
Hashimoto’s thyroiditis and papillary thyroid carci-

noma: is there a correlation? J Clin Endocrinol Metab

2013;98:474-482.

www.kjim.org

25.

206.

27.

28.

29.

30.

31.

32.

33

34

35

36.

37-

The Korean Journal of Internal Medicine Vol. 32, No. 1, January 2017

Choi YM, Kim WG, Kim TY, et al. Low levels of serum
vitamin D3 are associated with autoimmune thyroid dis-
ease in pre-menopausal women. Thyroid 2014;24:655-661.
Choi HS, Oh HJ, Choi H, et al. Vitamin D insufficiency in
Korea: a greater threat to younger generation: the Korea
National Health and Nutrition Examination Survey (KN-
HANES) 2008. ] Clin Endocrinol Metab 2011;96:643-651.
Rosen CJ. Clinical practice: vitamin D insufficiency. N
Engl ] Med 2011;364:248-254.

Han JM, Kim TY, Jeon MJ, et al. Obesity is a risk factor for
thyroid cancer in a large, ultrasonographically screened
population. Eur ] Endocrinol 2013;168:879-886.

Manson JE, Mayne ST, Clinton SK. Vitamin D and pre-
vention of cancer: ready for prime time? N Engl ] Med
2011;364:1385-1387.

Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin
DM. Estimates of worldwide burden of cancer in 2008:
GLOBOCAN 2008. Int ] Cancer 2010;127:2893-2917.
Kweon SS, Shin MH, Chung IJ, Kim YJ, Choi JS. Thyroid
cancer is the most common cancer in women, based on
the data from population-based cancer registries, South
Korea. Jpn J Clin Oncol 2013;43:1039-1046.

Li N, Du XL, Reitzel LR, Xu L, Sturgis EM. Impact of
enhanced detection on the increase in thyroid cancer in-
cidence in the United States: review of incidence trends
by socioeconomic status within the surveillance, epide-
miology, and end results registry, 1980-2008. Thyroid
2013;23:103-110.

Kim TY, Kim WG, Kim WB, Shong YK. Current status
and future perspectives in differentiated thyroid cancer.
Endocrinol Metab (Seoul) 2014;29:217-225.

Holick MEF. Vitamin D deficiency. N Engl ] Med 2007;357:266-
281.

Choi HS. Vitamin D status in Korea. Endocrinol Metab
(Seoul) 2013;28:12-16.

Stolzenberg-Solomon RZ, Jacobs EJ, Arslan AA, et al.
Circulating 25-hydroxyvitamin D and risk of pancreatic
cancer: Cohort Consortium Vitamin D Pooling Project of
Rarer Cancers. Am ] Epidemiol 2010;172:81-93.

Holick MF. Vitamin D status: measurement, interpreta-

tion, and clinical application. Ann Epidemiol 2009;19:73-78.

https://doi.org/10.3904/kjim.2015.090


www.kjim.org

