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ABSTRACT

ARTICLE INFO

Objective: To investigate the relationship between vitamin D status, using circulating
25-hydroxyvitamin D [25 (OH) D], and renal cell carcinoma (RCC) risk in a case-control
study, because the association between the two is unclear in China.
Materials and Methods: A total of 135 incident RCC cases were matched with 135
controls by age and sex. The blood samples were collected on the first day of hospitalization before surgery to measure plasma 25 (OH) D. Logistic regression analyses
were used to calculate odds ratios (ORs) and 95% confidence intervals (95% CIs) with
adjustment for several confounders (e.g. age, gender, smoking and season of blood
draw). Furthermore, the association of RCC with 25 (OH) D in units of 10 ng / mL as a
continuous variable were also examined.
Results: The average plasma 25 (OH) D concentrations in RCC were significantly lower
compared with those of the controls (21.5 ± 7.4 ng / mL vs. 24.1 ± 6.6 ng / mL, respectively; P = 0.003). In the adjusted model, inverse associations were observed between
circulating 25 (OH) D levels and RCC risk for 25 (OH) D insufficiency (20-30 ng / mL)
with OR of 0.50 (95% CI: 0.29-0.88; P = 0.015) and a normal 25 (OH) D level (≥ 30 ng
/ mL) with OR of 0.30 (95% CI: 0.13-0.72; P = 0.007), compared with 25 (OH) D deficiency (< 20 ng / mL). Furthermore, results with 25 (OH) D as a linear variable indicated
that each 10 ng / mL increment of plasma 25 (OH) D corresponded to a 12% decrease
in RCC risk.
Conclusions: This case-control study on a Chinese Han population supports the protective effect of a higher circulating concentration of 25 (OH) against RCC, whether the
confounding factors are adjusted or not.
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(1). In China, there were an estimated 66.800 new
cases of RCC and 23.400 deaths in 2015 (2). Clear
cell RCC, accounting for 70-80% of all cases, is the
most common subtype of RCC. Approximately 50%
of patients still suffer recurrence in spite of complete surgical resection. There are no established

Renal cell carcinoma (RCC) is one of the
most common adult malignancies, and the incidence of this disease has increased at a rate of approximately 1.6% per year over the last 10 years
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preventive measures against it, although certain
studies have shown that smoking, hypertension,
obesity, family history of the disease and genetic
susceptibility may increase the risk of RCC (3).
Therefore, feasible preventive measures for RCC
are of considerable clinical and public health importance.
Vitamin D, the ‘‘sunshine’’ vitamin, is
transformed by exposure to sunlight and obtained from certain foods, such as oily fish and cereals. The primary circulating form of vitamin D
is 25-hydroxyvitamin D [(25 (OH) D], the accepted
indicator of an individual’s vitamin D status (4).
It is well known that vitamin D initially plays important roles in promoting bone health through
the regulation of bone growth and remodeling, as
well as calcium homeostasis (4, 5). Vitamin D has
been shown to protect against many types of cancer in the past few years. Some laboratory studies
demonstrated that vitamin D could inhibit cancer
cell proliferation, invasion, angiogenesis and metastasis (6, 7). To date, few studies have examined the association between vitamin D and kidney
cancer. Furthermore, our previous meta-analysis
indicated that higher levels of circulating 25 (OH)
D could reduce the risk of kidney cancer by 21%
(8). To our knowledge, the study of the relationship between circulating 25 (OH) D levels and RCC
risk has been limited in Chinese populations.
In this study, the epidemiological association between plasma 25 (OH) D concentrations
and the risk of RCC was examined within a retrospective case-control study. For this investigation, pre-diagnostic circulating concentrations of
25 (OH) D were measured and data were analyzed
from 135 RCC cases and 135 controls.

the Department of Clinical Laboratory of Nanfang
Hospital on the first day of hospitalization before
surgery to measure the levels of plasma 25 (OH) D.
To avoid the influence of other factors, the levels
of serum creatinine and calcium (Ca) were also
measured. The Ethics Committee of Nanfang Hospital approved this study.
The inclusion criterion for the cases was
histopathologically confirmed disease after surgery, no more than two months after the initial
diagnosis of RCC. The diagnosis was conducted
by two pathologists at Nanfang Hospital of Southern Medical University, according to the criteria
of the World Health Organization classification of
tumors (9).
The inclusion criteria for the controls were
that they were apparently healthy, with no history
of any type of cancer. Those with special dietary
habits, those with an intake of vitamin D and calcium supplements within the previous three months, those with conditions that affected their sun
exposure habits, those who had resided in other
countries during the year prior to recruitment, and
those who were pregnant or lactating, were not
included in the study (10).
The patients and controls were interviewed
to collect data on the following variables: age, sex,
weight, height, smoking status, alcohol consumption status and use of vitamin D supplements in
the past year. No participants had resided in other
countries during the previous year, therefore the
impact of sun exposure was not included in the
final analysis. Furthermore, to account for seasonal variation affecting vitamin D status, season-specific were categorized based on the month of
blood collection (“Winter months” = November-April and “Summer months” = May-October).

MATERIALS AND METHODS

Statistical analysis

In this hospital-based case-control study,
all subjects were recruited from the Chinese Han
population at Nanfang Hospital (Guangzhou, China) from January 2015 to January 2017. All subjects were informed about the purpose of the study
and gave their written consent. Plasma samples
from 135 RCC patients, matched with 135 controls by 10-year age group and sex, were sent to

Quantitative data [the plasma levels of 25
(OH) D] are described as the mean and standard
deviation, and qualitative data are expressed as
absolute and relative frequencies. Student’s t-tests
were used for the comparison of quantitative variables and the chi-square test was applied for
qualitative variables. We used logistic regression

2

ibju | 25-Hydroxyvitamin-D And Renal Cell Carcinoma

analyses to calculate odds ratios (ORs) and 95%
confidence intervals (95% CIs) for RCC in association with plasma levels of 25 (OH) D. Two models
were used to examine the relationships. First, total
25 (OH) D concentrations (ng / mL) were divided into
tertiles as follows: 25 (OH) D deficiency (< 20 ng /
mL), insufficiency (20-30 ng / mL), and normal 25
(OH) D levels (≥ 30 ng / mL) (11). In a second model,
the plasma 25 (OH) D concentration was included in
units of 10 ng / mL as a continuous variable with
a single linear term. In additional to plasma 25(OH)
D variables, the common RCC risk factors were adjusted in our multivariate model analysis, including
age, sex, body mass index (BMI), smoking status,
alcohol consumption status, season of blood draw,
hypertension and diabetes. Furthermore, we examined the associations between circulating levels of
25 (OH) D and the clinical features of RCC, such as
tumor stage and metastasis. In this analysis, the ‘low
stage’ group included cases of T1 and T2, while the
‘high stage’ group involved T3 and T4 cases, although the number of T3 and T4 cases was limited. All
the collected data were statistically analyzed using
STATA Statistical Software, version 15.0 (StataCorp,
College Station, TX, USA). P < 0.05 was regarded as
statistically significant.

In our study, vitamin D deficiency was defined as 25 (OH) D < 20 mg / dL, and the sufficient
range as > 30 mg / dL 45.9% of the cases and
30.4% of the controls had 25 (OH) D levels < 20 ng
/ mL 32.6% of the men and 49.4% of the women
had 25 (OH) D levels < 20 ng / mL. Slightly higher
25 (OH) D concentrations were found in blood
drawn from the patients in the summer compared
with the winter (21.8 ± 7.4 vs. 21.3 ± 7.4, respectively), while the higher magnitude was enhanced
in the controls for blood drawn in summer compared with the winter (25.7 ± 6.6 vs. 23.0 ± 6.5,
respectively). There was no significant difference
between the seasons of blood draw. Furthermore,
there were significant differences in the circulating concentrations of 25 (OH) D in the different
tumor stages (T1: 21.8 ± 7.3 ng / mL, T2: 23.9 ±
7.5 ng / mL, T3: 15.4 ± 5.1 ng / mL and T4: 19.3 ±
7.0 ng / mL; P = 0.014) (Table-2). Notably, no significant difference was detected in the cases with
metastasis (20.4 ± 6.5 ng / mL) in comparison with
the cases without metastasis (21.7 ± 7.5 ng / mL).
Overall, the average plasma 25 (OH) D concentrations in RCC cases were significantly lower than
those in the controls (21.5 ± 7.4 ng / mL compared
with 24.1 ± 6.6 ng / mL, respectively; P = 0.003)
(Table-1).
In the entire study population, the crude
ORs and 95% CIs compared with 25 (OH) D deficiency (< 20 ng / mL) were 0.57 (95% CI: 0.340.96; P = 0.034) for 25 (OH) D insufficiency (20-30
ng / mL), and 0.33 (95% CI: 0.15-0.75; P = 0.009)
for a normal 25 (OH) D level (≥ 30 ng / mL). After
further adjustment for age, sex, BMI, season of
blood draw, diabetes, hypertension, smoking and
alcohol consumption, this relationship was largely
unchanged for 25 (OH) D insufficiency 0.50 (95%
CI: 0.29-0.88; P = 0.015) and a normal 25 (OH)
D level 0.30 (95% CI: 0.13-0.72; P = 0.007). The
overall results indicated that an inverse association was observed between circulating 25 (OH) D
levels and the risk of RCC. Furthermore, results
with 25 (OH) D as a continuous, linear variable
were similar, with both crude ORs and adjusted
ORs of 0.88 (95% CI: 0.81-0.96; P = 0.003) and
0.87 (95% CI: 0.80-0.95; P = 0.002) respectively.
The findings from the linear analysis showed that
each 10 ng / mL increment of plasma 25 (OH) D

RESULTS
The characteristics of the cases and controls are presented in Table-1. There were 135
newly diagnosed patients with RCC and 135 controls included in our analysis. Of those 135 RCC
cases, 92 cases were clear cell RCC and the remaining 43 cases were non-clear cell RCC. According
to the TNM classification, the numbers of cases
at T1 to T4 were 97, 23, 11 and 4, respectively.
Furthermore, there were 18 RCC cases with metastasis. The average age was 53.28 years (SD =
13.93) for the cases and 53.68 years (SD = 15.84)
for the controls, with no significant difference
observed. Furthermore, there were no significant
differences found in sex, hypertension, diabetes,
smoking status and alcohol consumption between
the two groups, although differences were observed in height, weight and BMI over 30 kg / m2.
BMI was higher among the cases compared with
the controls (P = 0.045) (Table-1).
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Table 1 - Baseline characteristics of cases and controls.
Characteristics
No

Cases (N = 135)
%
Mean ± SD

No

Controls (N = 135)
%
Mean ± SD

P-value

Sex
Male
Female
Age
Season of blood drawn
Winter (Nov-Apr)
Summer (May-Oct)
Height (cm)
Weight (kg)
Body mass index (kg / m2)
< 25.0
25.0-29.9
≥ 30.0
Hypertension
Yes
No
Diabetes
Yes
No
History of smoking
Yes
No
History of alcohol intake
Yes
No
Ca (nmol / L)
Cr (nmol / L)
25-(OH) (ng / mL)

90
45

66.7
33.3

91
44

67.4
32.6

53.28 ± 13.93
67
68

49.6
50.4

91
36
8

67.4
26.7
5.9

45
90

21.3 ± 7.4
21.8 ± 7.4
166.41 ± 7.71
66.23 ± 11.30
23.84 ± 3.53
21.87 ± 2.11
27.21 ± 1.51
31.09 ± 1.35

78
57

57.8
42.2

0.897
53.68 ± 15.84

0.826

23.0 ± 6.5
25.7 ± 6.6
162.86 ± 6.89
61.05 ±1 0.09
23.00 ± 3.38
21.41 ± 2.26
26.78 ± 1.41
32.25 ± 0.92

0.179
< 0.001
< 0.001
0.045

97
36
2

71.9
26.7
1.5

33.3
66.7

37
98

27.4
72.6

0.290

14
121

10.4
89.6

17
118

12.6
87.4

0.567

37
98

27.4
72.6

35
100

25.9
74.1

0.783

33
102

24.4
75.6

27
108

20
80

0.380

2.23 ± 0.35
82.48 ± 33.82
21.5 ± 7.4

concentration corresponded to a 12% decrease in
RCC risk (Table-3).
Furthermore, a protective association was detected between plasma 25 (OH) D and tumor stage
[25 (OH) D insufficiency 0.18 (95% CI: 0.04-0.79; P
= 0.024)]. In addition, no significant association was
observed among the cases with metastasis compared
with the cases without metastasis [25 (OH) D insufficiency 0.96 (95% CI: 0.29-3.15; P = 0.949); normal
25 (OH) D level 0.27 (95% CI: 0.02-3.03; P = 0.290)]
(Table-3).

2.23 ± 0.22
78.34 ± 15.54
24.1 ± 6.6

0.961
0.198
0.003

absorption of numerous key nutrients such as calcium, magnesium, iron and phosphate (4). Accumulating evidence suggests that there is a high
prevalence of low vitamin D levels worldwide; the
explanation for this phenomenon may involve the
insufficient supply of vitamin D from natural food
sources, a shift to sedentary lifestyles and limited outdoor activity (12). Vitamin D plays vital
roles in intestinal, skeletal and other biological
pathways, such as those in immune cells and the
tumor microenvironment (cell proliferation, differentiation and apoptosis) (13). Some laboratory
studies have reported that vitamin D is an anticarcinogenic agent. Few studies have been conducted
on the association of plasma vitamin D with RCC,
though the kidney is a major organ in vitamin D

DISCUSSION
Vitamin D is a fat-soluble secosteroid,
which is beneficial for enhancing the intestinal
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Table 2 - The Circulating 25-(OH) D levels of renal cell carcinoma cases according to clinical features.
Clinical feature

Cases

Pathological type

135

Clear cell carcinoma

92

25-(OH) D (ng / mL)

P-value
0.314

21.1 ± 6.4

Non-Clear cell carcinoma

43

22.5 ± 9.2

Chromophobe

20

23.2 ± 10.2

Papillary

10

25.1 ± 8.1

Others

13

19.4 ± 7.9

97

21.8 ± 7.3

T-stage

0.014

T1
T2

23

23.9 ± 7.5

T3

11

15.4 ± 5.1

T4

4

19.3 ± 7.0

Yes

18

20.4 ± 6.5

No

117

21.7 ± 7.5

Metastasis
0.485

Table 3 - Association between 25 (OH) D and the risk of renal cell carcinoma in total, and according to tumor stage and metastasis.
Subjects

All subjects

T-stage

Circulating 25 (OH) D (ng / mL)
< 20

20-29.9

≥ 30

Controls

41

72

22

Cases

62

62

11

ORa (95% CI)

Ref

0.57 (0.34-0.96)

0.33 (0.15-0.75)

0.88 (0.81-0.96)

P-value

Ref

0.034

0.009

0.003

b

OR (95% CI)

Ref

0.50 (0.29-0.88)

0.30 (0.13-0.72)

0.87 (0.80-0.95)

P-valueb

Ref

0.015

0.007

0.002

Low stage (T1 + T2)

50

59

11

High stage (T3 + T4)

12

3

0

ORa (95% CI)

Ref

0.21 (0.06-0.79)

/

0.90 (0.84-0.97)

P-valuea

Ref

0.021

0.999

0.005

OR (95% CI)

Ref

0.18 (0.04-0.79)

/

0.90 (0.84-0.97)

P-value

Ref

0.024

0.999

0.004

Yes / No

9 / 53

8 / 54

1 / 10

OR (95% CI)

Ref

0.87 (0.31-2.43)

0.59 (0.07-5.18)

0.97 (0.90-1.05)

P-value

Ref

0.794

0.633

0.485

ORb (95% CI)

Ref

0.96 (0.29-3.15)

0.27 (0.02-3.03)

0.97 (0.90-1.05)

P-valueb

Ref

0.949

0.290

0.445

a

b

Metastasis

Per 10

b

a

a

OR = Odds ratio, CI = Confidence interval, Ref: Reference
a
Unadjusted OR.
b
Adjusted for age, sex, season of blood draw, body mass index, hypertension, diabetes, history of smoking and history of alcohol intake.
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metabolism and activity (14, 15). Furthermore,
the relationships between plasma vitamin D and
RCC risk may not be easily generalized across
geographical regions (e.g. China, Africa and Latin America).
To the best of our knowledge, there have
been few studies on the association of plasma
25 (OH) D levels with RCC risk in the Chinese
population. In our study, the inclusion criterion
was patients diagnosed with RCC and treated
with surgery. These RCC cases were matched
with the same number of controls of a similar
age, gender and ethnicity with measured plasma 25 (OH) D levels and no history of cancer.
In this case-control study of Chinese adults, the
circulating levels of 25 (OH) D were significantly decreased in RCC cases compared with controls. Furthermore, an inverse association was
observed between plasma 25 (OH) D levels and
RCC, indicating that lower circulating levels of
25 (OH) D were associated with an increased
risk of RCC. The overall result was consistent
with our previous meta-analysis. The previous
pooled analysis included two prospective cohort
studies and seven nested case-control studies,
involving a total of 130.609 participants and
1.815 cases of kidney cancer. The combined results indicated that a higher level of circulating
25 (OH) D could reduce the risk of kidney cancer by 21% (OR = 0.79, 95% CI: 0.69-0.91) (8).
Furthermore, our findings reproduce the well-characterized relationship between plasma 25
(OH) D levels and RCC, increasing the power and
confidence in the results.
Circulating vitamin D is hydroxylated
in the liver to hydroxyvitamin D (25 (OH) D),
followed by the conversion of 25 (OH) D into
1.25-dihydroxy vitamin D (1.25 (OH) 2D), the
active form of vitamin D, by CYP27B. The kidney can hydroxylate 25 (OH) D to its active form,
which binds to the vitamin D and retinoid X receptors (4, 16, 17). The underlying mechanisms of
the association between circulating 25 (OH) D and
RCC are unclear. Several plausible biological links
might explain the association between plasma 25
(OH) D and the risk of RCC. The anti-cancer effects
of 25 (OH) D have been demonstrated in in vitro
and animal studies (18), and the protective roles

of 25 (OH) D against cancer may involve decreasing the expression of aromatase and suppressing tumor angiogenesis, invasion and metastasis
(19, 20). Recent studies have shown that vitamin
D could reduce the incidence of colorectal, breast and prostate cancer through interactions with
some important pathway proteins, such as insulin
like growth factor-1 (IGF-1) and IGF-binding protein 3 (21-24). Vitamin D may also interact with
some established risk factors for kidney cancer,
such as BMI, smoking, hypertension and diabetes (25-27). Furthermore, the results of some other
studies are different from ours. Gallicchio et al. do
not support the hypothesis that higher circulating
25 (OH) D is associated with a decreased risk of
kidney cancer overall, or with RCC specifically, on
the basis of pooling eight prospective cohort studies (28). Therefore, vitamin D may still have some
unknown effects against cancer (8).
A major strength of the present study is
that it is the first case-control study on the relationship between circulating levels of 25 (OH) D
and RCC risk in China. We included newly diagnosed RCC cases and assessed plasma 25 (OH) D status from blood samples collected prior to surgery.
The circulating 25 (OH) D concentrations were
examined in a single laboratory in our hospital
to reduce interlaboratory variation. Because our
specimens were measured randomly in the laboratory, it is highly unlikely that these measurements
differed between cases and controls. Furthermore,
our results were robust when the well-known risk
factors for RCC, such as age, BMI and smoking,
were adjusted in our analysis, which allows us to
make a more accurate estimate of the association
between plasma 25 (OH) D levels and RCC risk.
Our study has several limitations that need
to be taken into account. First, the measurements
relied on only a single blood sample, which may
result in a lack of precision. Second, circulating
levels of 25 (OH) D in participants may be altered by their lifestyle, such as physical activity and
dietary patterns, which may be a source of bias
in this study. Although some confounding factors were adjusted in our analysis, we could not
rule out the possibility that other unidentified or
unmeasured factors could affect the association.
Third, the study design was case-control; such
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studies are inclined towards bias, and the sample size was limited. In addition, the study sample
comprised only a Chinese Han population, which
may limit the application of these results to more
diverse populations. Therefore, large prospective
cohort observational studies including diverse populations are needed in the future.
To sum up, the findings of our case-control study on a Chinese Han population showed
that the circulating 25 (OH) D level has an independent inverse association with the risk of RCC,
whether confounding factors are adjusted or not.

8.

9.

10.

11.

ACKNOWLEDGEMENTS
FeiLi, Hongfan Zhao and Lina Hou contributed equally to the manuscript

12.

CONFLICT OF INTEREST
13.

None declared.
REFERENCES
14.
1.

2.

3.

4.

5.
6.
7.

Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C,
Rebelo M, et al. Cancer incidence and mortality worldwide:
sources, methods and major patterns in GLOBOCAN 2012.
Int J Cancer. 2015;136:E359-86.
Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F,
et al. Cancer statistics in China, 2015. CA Cancer J Clin.
2016;66:115-32.
Ljungberg B, Campbell SC, Choi HY, Jacqmin D, Lee
JE, Weikert S, et al. The epidemiology of renal cell
carcinoma. Eur Urol. 2011;60:615-21. Erratum in: Eur Urol.
2011;60:1317.
Gallicchio L, Moore LE, Stevens VL, Ahn J, Albanes D,
Hartmuller V, et al. Circulating 25-hydroxyvitamin D and
risk of kidney cancer: Cohort Consortium Vitamin D Pooling
Project of Rarer Cancers. Am J Epidemiol. 2010;172:47-57.
Holick MF. Vitamin D deficiency. N Engl J Med.
2007;357:266-81.
Holick MF. Vitamin D: its role in cancer prevention and
treatment. Prog Biophys Mol Biol. 2006;92:49-59.
Giovannucci E. Vitamin D status and cancer incidence and
mortality. Adv Exp Med Biol. 2008;624:31-42.

15.

16.

17.

18.
19.

20.

7

Lin G, Ning L, Gu D, Li S, Yu Z, Long Q, et al. Examining
the association of circulating 25-hydroxyvitamin D with
kidney cancer risk: a meta-analysis. Int J Clin Exp Med.
2015;8:20499-507.
Eble JN, Sauter G, Epstein JI, Sesterhenn IA and Lyon.
Pathology and genetics of tumours of the urinary system
and malebgenital organs. IARC Press; 2004. 359 pp.
Jamshidinaeini Y, Akbari ME, Abdollahi M, Ajami M,
Davoodi SH. Vitamin D Status and Risk of Breast Cancer
in Iranian Women: A Case-Control Study. J Am Coll Nutr.
2016;35:639-46.
Vyas N, Companioni RC, Tiba M, Alkhawam H, Catalano C,
Sogomonian R, et al. Association between serum vitamin
D levels and gastric cancer: A retrospective chart analysis.
World J Gastrointest Oncol. 2016;8:688-94.
Weinstein SJ, Yu K, Horst RL, Parisi D, Virtamo J, Albanes
D. Serum 25-hydroxyvitamin D and risk of lung cancer in
male smokers: a nested case-control study. PLoS One.
2011;6:e20796.
Bosetti C, Scotti L, Maso LD, Talamini R, Montella M,
Negri E, et al. Micronutrients and the risk of renal cell
cancer: a case-control study from Italy. Int J Cancer.
2007;120:892-6.
Mellemgaard A, McLaughlin JK, Overvad K, Olsen JH.
Dietary risk factors for renal cell carcinoma in Denmark.
Eur J Cancer. 1996;32A:673-82.
Wilson RT, Wang J, Chinchilli V, Richie JP, Virtamo J,
Moore LE, et al. Fish, vitamin D, and flavonoids in relation
to renal cell cancer among smokers. Am J Epidemiol.
2009;170:717-29.
Grant WB, Garland CF. Evidence supporting the role of
vitamin D in reducing the risk of cancer. J Intern Med.
2002;252:178-9.
Karami S, Boffetta P, Stewart P, Rothman N, Hunting KL,
Dosemeci M, et al. Occupational sunlight exposure and risk
of renal cell carcinoma. Cancer. 2010;116:2001-10.
Chiang KC, Chen TC. The anti-cancer actions of vitamin D.
Anticancer Agents Med Chem. 2013;13:126-39.
Krishnan AV, Feldman D. Mechanisms of the anti-cancer
and anti-inflammatory actions of vitamin D. Annu Rev
Pharmacol Toxicol. 2011;51:311-36.
Bertone-Johnson ER, Chen WY, Holick MF, Hollis BW,
Colditz GA, Willett WC, et al. Plasma 25-hydroxyvitamin
D and 1,25-dihydroxyvitamin D and risk of breast cancer.
Cancer Epidemiol Biomarkers Prev. 2005;14:1991-7.

ibju | 25-Hydroxyvitamin-D And Renal Cell Carcinoma

D and calcium in type 2 diabetes. A systematic review and metaanalysis. J Clin Endocrinol Metab. 2007;92:2017-29.
28. Gallicchio L, Moore LE, Stevens VL, Ahn J, Albanes D,
Hartmuller V, et al. Circulating 25-hydroxyvitamin D and
risk of kidney cancer: Cohort Consortium Vitamin D Pooling
Project of Rarer Cancers. Am J Epidemiol. 2010;172:47-57.

21. Chlebowski RT. Vitamin D and breast cancer: interpreting
current evidence. Breast Cancer Res. 2011;13:217.
22. Adams SV, Newcomb PA, Burnett-Hartman AN, White E,
Mandelson MT, Potter JD. Circulating 25-hydroxyvitamin-D
and risk of colorectal adenomas and hyperplastic polyps.
Nutr Cancer. 2011;63:319-26.
23. Gilbert R, Martin RM, Beynon R, Harris R, Savovic J,
Zuccolo L, et al. Associations of circulating and dietary
vitamin D with prostate cancer risk: a systematic review
and dose-response meta-analysis. Cancer Causes Control.
2011;22:319-40.
24. Lin J, Manson JE, Lee IM, Cook NR, Buring JE, Zhang SM.
Intakes of calcium and vitamin D and breast cancer risk in
women. Arch Intern Med. 2007;167:1050-9.
25. Knight JA, Lesosky M, Barnett H, Raboud JM, Vieth R.
Vitamin D and reduced risk of breast cancer: a populationbased case-control study. Cancer Epidemiol Biomarkers
Prev. 2007;16:422-9.
26. Forman JP, Giovannucci E, Holmes MD, Bischoff-Ferrari HA,
Tworoger SS, Willett WC, et al. Plasma 25-hydroxyvitamin
D levels and risk of incident hypertension. Hypertension.
2007;49:1063-9.
27. Pittas AG, Lau J, Hu FB, Dawson-Hughes B. The role of vitamin

_______________________
Correspondence address:
Wanlong Tan, PhD
Department of Urology
Nanfang Hospital
Southern Medical University, Guangzhou
Guangdong 510515, P.R. China
Tel/Fax: +86-20-616-41762
E-mail: twl@smu.edu.cn.

8

