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Abstract
A previous Meta-Analysis (MA) in 2018 reported that highest circulating 25 hydroxyvitamin D 
(25(OH)D) concentration was associated with increased risk of prostate cancer in 16 nested case-
control studies, not in 3 cohort studies. In addition, wrong extracted information was found in the 
forest plot of the MA. The aim was to conduct an Updated Meta-Analysis (UMA) of cohort studies 
for investigating an association between circulating 25(OH)D levels and risk of prostate cancer. 
Additional articles were selected from cited lists based on selected studies from previous MAs using 
citation discovery tools provided by PubMed. A fixed effect model was applied if I-squared value 
was less than 50%. A funnel plot and Egger’s test were used to evaluate a publication bias. Of 5 
cohorts, the summary RRs [and their 95% confidence intervals] (I-squared value) were 1.20 [1.14-
1.27] (19.0%). Egger’s test showed that there was not a publication bias (P=0.317). This UMA of 
cohort studies supported the higher level of serum vitamin D was associated with an increased risk 
of prostate cancer.
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Introduction
Prostate cancer is one of the most common cancer in East Asian men [1,2] as well as Western 

men [3]. In addition, the prevalence of prostate cancer between East Asian and Western men is 
becoming similar [4]. These epidemiological facts suggest that environmental factors may play an 
important risk or preventive factor [1,5].

In the last several decades, vitamin D has been known to be involved in differentiation, 
proliferation, and apoptosis of cell biology [6]. Based on these, several meta-analyses have been 
reported that circulating vitamin D level was associated with risk of breast cancer [7], colo-rectal 
cancer [8], kidney cancer [9], bladder cancer [10] and thyroid cancer [11], as well as prostate cancer 
[12,13].

Yin et al., [12] published in 2009 was the first meta-analysis on the association between 
circulating 25-hydroxyvitamin D (25(OH)D) and risk of prostate cancer. The summary effect size 
from 10 selected studies did not show a statistical significance. However, Gao et al., [13] published in 
2018 concluded that highest 25(OH)D concentration was associated with increased risk of prostate 
cancer based on summary RR (sRR) and 95% Confidence Intervals (CI) as 1.15 (1.06-1.24). The 
statistical significance was shown in sRR from 16 nested case-control studies (1.15, 95% CI: 1.06-
1.25), but not in sRR from 3 cohort studies (1.08, 95% CI: 0.78-1.49). The authors pointed out the 
reason as the small number of selected studies. This inference could be supported by Travis et al., 
[14], because this nested case-control study using individual participant data from 19 prospective 
studies also concluded that circulating 25(OH)D was positively associated with risk for total prostate 
cancer.

Meanwhile, extracted RR and 95% CI of Barnett et al., [15] in the forest plot of Gao et al., [13] 
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was not on all subject but on the group having Gleason 7 and more. 
Thus, the aim was to conduct an Updated Meta-Analysis (UMA) 
of relevant cohort studies for investigating an association between 
circulating 25(OH)D levels and risk of prostate cancer.

Materials and Methods
According to the aim of this study to update the previous meta-

analysis [13], it was necessary to add relevant studies that were 
published after the meta-analysis were performed. From the studies 
selected in Yin et al., [12] and Gao et al., [13], a search list was 
made using the ‘cited by’ option as Citation Discovery Tools (CDT) 
provided by PubMed [16]. The end of the search period was as the 
end of April 2019. And then relevant studies were selected by the 
selection criteria as a prospective follow-up study of prostate cancer 
risk that obtained circulating 25(OH)D levels at constructing a cohort 
and used a population-based cohort design.

From the selected studies, the RR and 95% CI was extracted 
using the ‘Highest versus Lowest’ Method (HLM), only extracting 
data for the group with the highest 25(OH)D compared to the lowest 
[17,18]. In cases not using the group of lowest level as the reference, 
the inverse values were obtained. The logarithm RR (logRR) and 
standard error of logRR (SElogRR) of each study was calculated from 
the extracted values.

Level of heterogeneity was assessed using the I-square value (%). 
A fixed effect model was applied for I-squared value less than 50% 
[19]. To examine a publication bias, Egger’s test was performed with 
constructing a funnel plot. The statistical significance level was set to 
0.05.

Results
A total 456 studies citing the 11 studies in Yin et al., [12] and 19 

studies in Gao et al., [13] were retrieved using the CDT of PubMed. 
Of them, two cohort studies [20,21] that satisfied the selection 
criteria were selected additionally. They had been published before 
December 2016 as the end date for search in Gao et al., [13]. Thus 5 
cohort studies [15,20-23] were selected finally to conduct this UMA. 
The extracted logRR and SElogRR of 5 cohort studies by HLM were 
shown in Table 1.

The sRR [95% CI] (I-squared value, %) of 5 cohorts was 1.20 
[1.14-1.27] (19.0) (Figure 1). Egger’s test showed that there was not 
a publication bias (P=0.317) (Figure 2). Two studies suggested the 
separated results by Gleason score <7 and 7+ [15,21]. The sRR [95% 

CI] (I-squared value, %) of Gleason score <7 and 7+ were 1.06 [0.67-
1.68] (52.4) and 1.03 [0.81-1.31] (0.0%), respectively.

Discussion
The results from 5 cohort studies suggested that highest 25(OH)D 

level was associated with increased risk of prostate cancer. Comparing 
with sRR of Gao et al., [13], sRR of this UMA showed the statistical 
significance with the same direction of sRR and narrower CIs.

Interestingly, higher level of circulating 25(OH)D was associated 
with increased risk of prostate cancer. In other words, vitamin D 
seems to be a promoting effect in prostate cancer, even though 
vitamin D is known as a potential anticancer agent [24,25]. It could be 
explained that 25(OH)D may be a marker of some factors that related 
to the risk of prostate cancer like as insulin-like growth factor I [13]. 
However, Brändstedt et al., [26] reported that higher level of pre-
diagnostic 25(OH)D improved survival in prostate cancer patients. 
Thus, further studies for establishing mechanism of the association 
are needed [27].

The merit of this UMA was to use CDT of PubMed in order to add 
relevant cohorts [16], instead of using the combination of keywords. 
In consequence, two studies [20,21] published in 2014 could be 
added. They had to be selected in Gao et al., [13] because the meta-
analysis defined the end date for search as December 2016. While the 
limitations of this UMA were as same as the previous MA [13], sRR 
of this UMA had a statistical significance. The main reasons were by 
increased number of selected studies and by the highest weight of 
Wong et al., [20] in the forest plot (Figure 1).

Recently, some meta-analyses to evaluate the association between 
some single-nucleotide polymorphisms of Vitamin D Receptor 
(VDR) gene and risk of prostate cancer have been reported [28-30]. 
The background of them are that the action of vitamin D is mediated 
by VDR [31], but these results are inconsistent. Specifically, Bsm I 

Figure 1: Forest plot for estimating the summary Effect Size (ES) using fixed 
effect model.

Figure 2: Funnel plot for 5 cohorts (P-value of Egger’s test = 0.317).

Reference 
number First Author Publication 

Year logRR SElogRR

22 Baron 2005 0.278 0.310

15 Barnett 2010 0.182 0.201

23 Skaaby 2014 -0.095 0.264

20 Wong 2014 0.203 0.029

21 Kristal 2014 -0.020 0.112

Table 1: Summary of the extracted information of 5 cohort studies by highest 
versus lowest method*.

*logRR: logarithm Relative Risk; SElogRR: Standard Error of logarithm Relative 
Risk
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polymorphism as one of the most frequently researched variants 
was not associated with prostate cancer of Gleason score <7 and 7+ 
[30]. But the nested case-control studies of individual participant 
data showed that circulating 25(OH)D was associated with a non-
aggressive prostate cancer, but not with aggressive disease [14]. From 
2 studies [15,21] suggesting results separated by Gleason score, both 
sRR in <7 and 7+ had not a statistical significance. 

Conclusion
Despite above considerations, this UMA results supported that 

the higher level of serum vitamin D might be associated with an 
increased risk of prostate cancer. It will be necessary to conduct an 
UMA that add further relevant cohorts by extending the end date for 
search.
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