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Abstract: Vitamin D deficiency is closely related with various cancers, while the clinical studies about serum vitamin
D concentrations and thyroid cancer are few and inconsistent. Besides, the relationship between vitamin D con-
centrations and Chinese patients with thyroid cancer was not available. Therefore, we try to find whether there are
differences in serum vitamin D levels and other test items of thyroid cancer compared with controls. We also want
to assess their association with clinical characteristics and prognostic factors in papillary thyroid cancer (PTC) indi-
viduals. We investigated vitamin D levels and other test items, including 25-hydroxyvitamin D (25(0OH)D), calcium,
phosphorus, triiodothyronine (T3), free triiodothyronine (FT3), tetraiodothyronine (T4), free tetraiodothyronine (FT4),
thyrotropin (TSH) and C-reaction protein (CRP), in 62 pre-operation thyroid cancer patients, 25 benign controls, and
53 healthy controls. Increased serum phosphorus concentrations, decreased vitamin D levels, and increased TSH
levels in thyroid cancer than control. Serum phosphorus levels were inversely related with calcification and collagen,
and vitamin D levels were negatively correlated with smoking status. The percentage of vitamin D deficiency was
greatest among PTC patients. Serum phosphorus and vitamin D levels are associated with increased risk of PTC,
and vitamin D could serve as a potential biomarker of thyroid cancer. Further studies with larger sample size need
to be conducted to confirm.
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Introduction

In most countries, the incidence of thyroid can-
cer (mainly papillary thyroid cancer, PTC) has
increased rapidly over the past few decades
[1]. Although the incidence rates vary widely in
different countries, the incidence data show an
upward trend such as the Republic of Korea [2],
Italy [3], France [4] and the United States [5]. In
China, the incidence of thyroid cancer increas-
es at the rate of 14.51% annually [6]. The inci-
dence has been appreciably increasing in the
eastern coastal China because of the exces-
sive iodine intake [7, 8].

As we known, the main function of vitamin D is
to preserve bone health by maintaining calcium
and phosphorus homeostasis. Vitamin D con-

tributes to reabsorb calcium and phosphorus in
kidney, also has a positive effect on the active
transport of calcium and absorption of phos-
phorus in small intestine [9]. However, research-
es have founded that vitamin D is also related
with non-skeletal system diseases in recent
years, for instance, diabetes [10], adrenal dis-
eases [11] and cancers [12, 13]. In vitro expe-
riments, suboptimal vitamin D concentrations
might lead to carcinogenesis by influencing
the cancer cell proliferation [14], differentiation
[15], apoptosis [16], and angiogenesis [17]. In-
terestingly, vitamin D deficiency has been cor-
related with the incidence and prognosis of
breast cancer [18], colon cancer [19] and pros-
tate cancer [20]. Nevertheless, the relationship
between vitamin D and PTC is few and inconsis-
tent [21].
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Table 1. Clinical and laboratory characteristics of healthy con-

trols, benign, and thyroid cancer patients

cancer [24]. While the relation-
ship between calcium intake and

Healthy Benign
(n=53) (n=25)

Thyroid can- P
cer (n=62) value

risk of colon cancer is controver-
sial [25]. Meanwhile, phospho-

rus plays a vital role in cell me-

Age (years) 47.6+8.1 52.2+8.2 47.8+11.7 0.123 tabolism by participating in the
Sex synthesis of nucleic acids, high
Male 17 (32.1%) 5 (20.0%) 16 (25.8%) 0.511 energy metabolites, and phos-
Female 36 (67.9%) 20 (80.0%) 46 (74.2%) pholipids [26]. Calcium is an im-
BMI (kg/m?) 22.9+3.4 23.5+3.2 23.7+3.5 0.819 portant intracellular messenger,
Smoking involving in cell signaling, prolif-
NO 46 (86.8%) 22 (88.0%) 53 (85.5%) 0.984 eration, and apoptosis [27].
ves 7(13.2%)  3(12.0%) 9 (14.5%) This study aims to explore whe-
Drinking ther there have abnormal ser-
NO 49 (92.5%) 23(92.0%) 57 (91.9%) 0.994 um vitamin D, phosphorus and
Yes 4(7.5%)  2(8.0%)  5(8.1%) calcium levels in PTC compared
Family history of cancer with benign and healthy contr-
NO 44 (83.0%) 21 (84.0%) 45 (72.6%) 0.304 ols. Meanwhile, their association
Yes 9(17.0%) 4 (16.0%) 17 (27.4%) with cllqlcal charactgnsncs and
Calcium (mmol/L) 23104 23:01 23t01 053g  Prognosis factors will be evalu-
ated in the future.
Phosphorus (mmol/L) 1.0+0.2 1.0+£0.2 1.1+0.1  0.012
25(0H)D (ng/mL) 22.5+14.8 18.1+8.4 16.848.1 0.025 Materials and methods
T3 (ng/mL) 1.140.2 1.1+0.2 1.0+0.3  0.295 .
Subjects
FT3 (pg/mL) 3.5+0.3 3.5+0.4 3.6£0.5 0.947
T4 (pug/dL) 8.611.4 8.6x1.4 8.5+1.4 0.952 In our study, there are 75 cases
FT4 (ng/dL) 13.1+0.1 1.3+0.2 1.3+0.2  0.333 specimens obtained from PTC
TSH (uIU/mL) 1.7+0.9 2.3+1.3 2.6+0.2 0.009 patients who were newly diag-
CRP (mg/L) 1.7+42.3  24+46  2.7+52 0.425 nosed and without any treat-

Table 2. Odds ratio of thyroid cancer according
to serum phosphorus, 25(0H)D and TSH level
usinglogistic regression model

Adjusted OR 95% Cl P value

Phosphorus 20.7
25(0H)D 0.965
TSH 1.589

[1.328,324.009] 0.031
[0.928,1.004] 0.078
[1.062,2.378] 0.024

The most bioactive form of vitamin D is 1,
25-dihydroxyvitamin D3 [1,25-(0H),D,], with a
half-life of 4 hours only. Whereas, the primary
circulating form of vitamin D is serum 25(0H)D
and its half-life is 2-3 weeks [22]. So serum
25(0H)D level is the most suitable to reflect
vitamin D status. 25(0H)D level <20 ng/mL is
considered vitamin D deficiency, with 20-40
ng/ml defined as suboptimal vitamin D by WHO
[23].

An epidemiology study has shown that high cal-
cium and phosphorus intake has been related
with an incremental risk of advanced prostate
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ment in Zhejiang Cancer Hospital

from June 2014 to August 2014.
Exclusion criteria consisted of hypothyroidi-
sm, hyperthyroidism, diabetes, and non-thyroid
malignancies. Two of the 75 patients had hypo-
thyroidism, four had hyperthyroidism, and five
had diabetes, and two had other cancers for
the past. Thus only 62 cases specimens met
the inclusion criteria from these individuals in
our study. In accordance with the AJCC/UICC
stage classification (7th edition), PTC staging
was carried out. Benign controls include 25
benign patients who had non-malignant thyroid
disorders such as follicular adenomas, cysts
and goiter. Meanwhile, 53 healthy individuals
who came to do physical examinations were
selected to be healthy controls. This research
was approved by the ethics committee in Zhe-
jiang Cancer hospital. The requirement of in-
formed consent was acquired from all indi-
viduals.

Measurements

Blood samples were centrifuged at 4°C at
3000 rpm for 5 min, and serum was collected.

Int J Clin Exp Pathol 2016;9(3):3852-3858
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Table 3. Association of serum phosphorus, and 25(0OH)D levels with prog-
nostic factors and thyroid cancer stage

Serum

phosphorus 25(0H)D
Cases Mean + P Mean + P
SD value SD value
Age (years)
<45 23 (37.0%) 1.1+0.1 0.557 19.0+8.9 0.110
>45 39 (63.0%) 1.1+0.1 15.6+7.4
Sex
Male 16 (25.8%) 1.05+£0.13 0.011 17.7+£11.0 0.682
Female 46 (74.2%) 1.15+£0.13 16.5+7.4
BMI (kg/m?)
<25 43 (69.4%) 1.1+0.1 0.402 17.248.1 0.646
>25 19 (30.6%) 1.1+0.2 16.1+8.3
Smoking
NO 53 (85.5%) 1.1+0.1 0.147 17.8+8.0 0.025
Yes 9(14.5%) 1.1+0.1 11.3+7.1
Drinking
NO 57 (91.9%) 1.1+0.1 0.223 17.0£8.2 0.548
Yes 5(8.1%) 1.1+0.1 14.7+7.8
Family history of cancer
NO 45 (72.6%) 1.1+0.1 0.909 16.4+8.4 0.471
Yes 17 (27.4%) 1.1+0.1 18.1+7.5
Tumor diameter (cm)
<2 53 (85.5%) 1.1+0.1 0.155 16.9+8.0 0.871
>2 9(14.5%) 1.1+0.1 16.41+9.3
Stage
-l 50 (80.6%) 1.1+0.1 0.925 16.7+8.1 0.878
-1V 12 (19.4%) 1.1+0.2 17.1+8.4

Number of positive lymph nodes

NO 41 (66.1%) 1.1+0.1

Yes 21 (33.9%) 1.1+0.1
Calcification

NO

Yes 19 (30.6%) 1.07+0.14
Collagen

NO

Yes 16 (25.8%) 1.05+0.14

0.899 16.5+8.4 0.660
17.5+7.7

43 (69.4%) 1.15+0.13 0.046 16.0+7.7 0.196

18.9+£8.9

46 (74.2%) 1.15+0.13 0.012 17.0+8.5 0.859

16.5£7.2

ed on ADVIA Centaur
XP (Siemens, Germany).
The reference ranges
for the thyroid assays
were T3 0.66-1.92 ng/
mL, FT3 1.80-4.10 pg/
mL, T4 4.3-12.5 pg/dL,
FT4 0.81-1.89 ng/dL,
and TSH 0.38-4.34
piu/mL.  All  analyses
were checked in the cli-
nical laboratory of Zhe-
jiang Cancer Hospital.

Statistical analysis

All statistical analysis
was performed by the
software SPSS 16.0 so-
ftware (SPSS, Inc., Chi-
cago, IL, USA). Norma-
lity of distribution of va-
riables was conducted
using Kolmogorov-Sm-
irnov tests. Means (st-
andard deviation) were
described for continu-
ous variables and fre-
quency (proportion) wa-
s assessed for categ-
orical variables in this
study. The compariso-
ns of all analyses val-
ues among healthy con-
trols, benign, and thyro-
id cancer were estimat-
ed by One-Way ANOVA.
Odds ratio of thyroid
cancer according to se-
rum phosphorus, 25-
(OH)D and TSH leve-
Is using logistic regres-
sion model. Individuals
were compared for dif-

Serum 25(0H)D concentrations were measur-
ed on the Cobas e602 (Roche, Switzerland) by
electrical chemiluminescence immunoassay
(ECLIA). Serum levels of phosphorus, calcium,
C-reaction protein (CRP) were checked on the
Hitachi-7600 automated chemistry analyzer
(Hitachi, Japan). The other analyses including
triiodothyronine (T3), free triiodothyronine (FT-
3), tetraiodothyronine (T4), free tetraiodothyro-
nine (FT4), and thyrotropin (TSH) were analyz-
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ferences in phosphorus, and 25(0H)D values
by a Wilcoxon rank sum test according to the
baseline characteristics, such as age, sex, BMI,
smoking status, drinking status, family history
of cancer, tumor diameter, stage, number of
positive lymph nodes, calcification, and colla-
gen. The association between variables and
thyroid cancer prognostic factors was evaluat-
ed by spearman correlation. P<0.05 (two-tailed)
was defined as statistically significant.

Int J Clin Exp Pathol 2016;9(3):3852-3858
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Table 4. Correlation between serum phosphorus, 25(0H)D
level and tumor clinical characteristics

Spearman correlation

Factors coefficient (P value)
Phosphorus 25(0H)D
Age (years) 0.038 (0.769) -0.141 (0.275)
BMI (kg/m?) 0.086 (0.505) -0.049 (0.708)
Smoking -0.188 (0.143) -0.285 (0.025)
Drinking -0.126 (0.330) -0.055 (0.673)

0.028 (0.827) 0.080 (0.538)
-0.018 (0.889) -0.045 (0.730)

Family history of cancer
Tumor diameter (cm)

Stage -0.021 (0.871) 0.008 (0.952)
Number of positive lymph nodes 0.003 (0.982) 0.096 (0.457)
Calcification -0.267 (0.036) 0.152 (0.240)
Collagen -0.500 (0.003) -0.006 (0.972)

= Healthy

" Benign

Percentage

Thyroid cancer

Vitamin D deficiency ~ Suboptimal vitamin D Optimal vitamin D

Figure 1. Percentage of vitamin D deficiency (<20 ng/ml), subop-
timal vitamin D (20-40 ng/ml) and optimal vitamin D (>40 ng/ml)
among the healthy, benign and thyroid cancer patients.

were displayed in Table 2. Serum phos-
phorus (OR 20.7 [95% CI 1.3-324.0])
and TSH (OR 1.6 [95% CI 1.1-2.4]) were
related with an elevated risk of PTC.

Association of phosphorus, and
25(0H)D with clinical characteristics
and prognostic factors

Table 3 shows the relationship of serum
phosphorus, and 25(0H)D concentra-
tions with age, sex, BMI, smoking sta-
tus, drinking status, family history of
cancer, tumor diameter, stage, number
of positive lymph nodes, calcification,
and collagen. Serum phosphorus in fe-
male patients were higher than in male
(P=0.011), and phosphorus in patients
with calcification or collagen were low-
er than without. While smoking status
was negatively associated with 25(0H)
D level (P=0.025). Table 4 shows Sp-
earman correlation coefficient between
serum phosphorus, 25(0H)D level and
tumor clinical characteristics and prog-
nostic factors. There were negatively
correlations between phosphorus and
calcification (r=-0.267, P=0.036). Also,
there was same inversely correlation
between phosphorus and collagen (r=
-0.5, P=0.003). Meanwhile, 25(0OH)D le-
vel was negatively correlated with smo-

Results

Elevated phosphorus, lower 25(0H)D, in-
creased TSH levels in PTC

The 62 remaining thyroid cancer individuals
were 74% female and their ages ranged from
18 to 77 years, with an average age of 48
years. The distribution of TNM staging systems
was as follows: 71% (44 patients) in stage 1,
10% (6 patients) in stage 2, 13% (8 patients) in
stage 3, and 6% (4 patients) in stage 4. The
clinical and laboratory characteristics of PTC,
benign and healthy controls were shown in
Table 1. Elevated phosphorus (P=0.006), low-
er 25(0H)D (P=0.008), increased TSH levels
(P=0.002) were significantly related to thyroid
cancer individuals compared with healthy con-
trols. Meanwhile, there was significantly higher
phosphorus concentration in PTC than benign
(P=0.039). The odds ratios (ORs) and 95% con-
fidence intervals (Cls) for having PTC based on
serum phosphorus, 25(0H)D, and TSH levels
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king status (r=-0.285, P=0.025).
Vitamin D deficiency in three groups

The percentages of vitamin D deficiency (<20
ng/ml), suboptimal vitamin D (20-40 ng/ml)
and optimal vitamin D (>40 ng/ml) among the
healthy, benign and thyroid cancer patients are
displayed in Figure 1. Vitamin D deficiency was
found in 55% (29/53) healthy control, 60%
(15/25) of benign, while 68% (42/62) of PTC
patients were deficient. Suboptimal vitamin D
was seen in 34% (18/53) controls, 36% (10/25)
of benign, and 29% (18/62) of thyroid cancer
group (P=0.165). Association of vitamin D ter-
tiles with thyroid cancer prognosis factors was
listed in Table 5 and no relationship was found.

Discussion
In vitamin D deficiency individuals, serum phos-
phorus and calcium concentrations usually low.

Vitamin D deficiency was closely associated
with cancer such as breast cancer, lung cancer,

Int J Clin Exp Pathol 2016;9(3):3852-3858
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Table 5. Association of vitamin D tertiles with thyroid cancer

prognosis factors

ed the negative relationship betw-
een 25(0H)D deficiency and well-dif-

Foctor VitaminD Suboptimal P ferentiat-ed thyroid capcer in Canada.
deficiency  vitamin D value The malignancy rate increased from
Cases 42 37.5% to 75%, when comparing the
Age (years) 491+111 452+128 0231  Vitamin D sufficiency with vitamin D
BMI (kg/m?) 23.8+3.8 23.4+2.7 0.669 g:/f";(’j'eg;yuégs]'se/?gs:h;é(osajgyci::
Smoking 7(16.7%) 2 (10.5%) 0.535 . .
Drinking 3(74%)  2(105% 0.658 centrations -a.nd mpreased rate of
25(0H)D deficiency in PTC compared
Family history of cancer 13 (31.0%) 3 (15.8%) 0.216 with healthy controls [33]. A different
Tumor diameter (cm) 1.0+£0.5 1.4+1.3 0.277 group from Egypt showed prevalen-
Stage ce of vitamin D deficiency in thyroid
-l 35(83.3%) 14 (73.7%) 0.384 cancer was similar with the thyroid
-V 7(16.7%) 5 (26.3%) nodules group, and vitamin D defi-
Number of positive lymph nodes 12 (28.6%) 9 (47.3%) 0.156 ciency was only associated with BMI
Calcification 12 (28.6%) 6 (31.6%) 0.813 [34]. Another report demonstrated
Collagen 11(26.2%) 5(26.3%) 0.992  the decreased serum 1,25-(0H),D,

and prostate cancer [12, 13]. However, the pre-
vious study indicated that in lung cancer pre-
treatment serum phosphorus levels were high-
erthan the normal range [28]. The epidemiology
study has found that high calcium and phos-
phorus intake was associated with an elevated
risk of advanced-stage and high-grade prostate
cancer [24]. And high-phosphorus intake may
contribute to abnormal cell metabolic and the
development of chronic disease such as can-
cer, hypertension, and obesity [29]. Another
study showed there was no significant differ-
ence in calcium levels between Hashimoto’s
thyroiditis patients with vitamin D deficiency
and healthy controls [30]. Based on this re-
search, we found there was significantly higher
serum phosphorus in PTC group than benign
and healthy controls. No significant difference
in calcium level was found among the three
groups. What’s more, serum phosphorus was
positively associated with an elevated risk of
thyroid cancer and negatively related with calci-
fication and collagen.

The early research showed that higher pre-
operative TSH concentrations compared with
healthy controls and higher TSH levels were
associated with an increased risk of thyroid
cancer [31]. We found the consistent result, but
TSH levels were not found to be related with
prognostic factors.

The report about relationship between vita-
min D deficiency and thyroid cancer is few and
ambiguous. A recent research demonstrat-
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of Poland patients, but no differenc-
es in serum 25(0H)D concentrations
[35]. Other studies did not show any relation-
ships between 25(0H)D levels or the rate of
25(0H)D deficiency and the risk or the clinical
characteristics of thyroid cancer [36, 37].

On this study, we found decreased 25(0H)D lev-
els and higher percentage of 25(0H)D deficien-
cy in PTC compared with healthy controls. No
significant difference in 25(0H)D levels were
found between thyroid cancer and benign or
between benign and healthy controls. We dem-
onstrated the smoking status was the only pre-
dictor of 25(0OH)D levels and was inversely relat-
ed with 25(0H)D concentrations. We did not
find any related reports about smoking status
and 25(0H)D concentrations because smoking
status of thyroid cancer patients may not be
included in their consideration. Vitamin D levels
were known to be negatively related with BMI
[38]. But we did not find the similar result
between vitamin D status and BMI. Other clini-
cal characteristics and prognostic factors such
as family history of cancer, drinking status were
not associated with 25(0H)D levels or the per-
centage of 25(0H)D deficiency.

Our research has a few limitations: first due to
the small amount of thyroid cancer, the case of
optimal vitamin D (>40 ng/ml) was too small.
So the vitamin D tertiles were only included two
groups in Table 5. Besides, small samples in
this study leads to the fact that the upper bound
of 95% Cl of serum phosphorus was too high.
Second, all the thyroid patients in this study
were PTC. We did not analysis the association

Int J Clin Exp Pathol 2016;9(3):3852-3858
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between vitamin D levels and other types of
thyroid cancer. Third, vitamin D intake was not
available, so we couldn’'t take this potential
confounder into account. We were not matched
other confounding factors such as sex, age.
Finally, different vitamin D analytical methods
may cause different vitamin D concentrations.
We did not choose different assays to compare
the results.

As vitamin D levels were influenced by many
kinds of factors, such as season, diet, race,
regions. To account for the season confounder,
we only collect serum of PTC in summer from
June to August. All the serum was obtained
from the pre-operation patients without any
treatment. Because excess of iodine intake is a
reputed predisposing factor for thyroid factor,
we only choose individuals resident in the east-
ern coastal China.

In summary, based on the results in our re-
search, high serum phosphorus levels and low
levels of vitamin D in PTC individuals compared
to controls. Increased serum phosphorus con-
centrations were positively associated with the
risk of PTC and negatively related with calcifi-
cation and collagen. No relationship between
serum vitamin D levels and risk of PTC. The only
predictor of vitamin D is smoking status and
inversely correlated. The percentage of vitamin
D deficiency is the greatest in PTC patients and
lowest in healthy controls but no statistical dif-
ference was found. No relationship was found
between the rate of vitamin D deficiency and
clinical characteristics or prognostic factors.
Our sample size was too low, and the associa-
tion of phosphorus levels and vitamin D levels
with clinical characteristics of thyroid cancer
individuals should be confirmed by further re-
searches with bigger sample size. What’s more,
the association between serum vitamin D con-
centrations and vitamin D receptor in thyro-
id cancer is unknown. Further studies need to
explore in this area.
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