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Introduction

Prostate cancer is a disease in which malignant cells 
originate from the prostate tissues. They regularly and 
increasingly expand and lead to an increased volume in 
each of the cellular components of the prostate gland. 
It is among the most common diagnostic neoplasm 
in men and the second leading cause of death from 
cancer following lung cancer. The incidence of this 
disease significantly increases after 65 years of age. 
Prostate cancer is the most common malignancy in 
America, Canada and the sixth known cancer in the 
world. Its incidence and prevalence rates vary in 
different parts of the world. In the United States of 
America,itis the most common cancer in men (Butler et 
al., 2010; Yavari, 2013-2014). It is also the second leading 
cause of cancer deaths among men in the United States 
of America. No comprehensive investigation on prostate 
cancer epidemiology has been carried out in Iran. In cancer 
recording projects, some have ranked it fifth and others 
ranked it’s the ninth type of cancer among Iranian males. 
Sajadiet al. in a study conducted in five provinces Iran 
reported the annual incidence rate of this disease 5 per 
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100,000 persons and observed no difference among the 
aforementioned provinces (Yavari, 2013-2014). There 
are four types of prostate cancer. Total prostate cancer 
refers to all types of prostate cancer. Advance prostate 
cancer means that the cancer has spread outside the 
prostate capsule. The type of cancer is also known as 
metastatic cancer and it is often observed in bones and 
lymph nodes. Localized prostate cancer only affects 
a part of the prostate. Fatal prostate cancer is the leading 
cause of death. Some studies have shown that the possible 
impact of diet is associated with increased risk of prostate 
cancer (Wiseman, 2008). Based on clinical and laboratory 
documents, high intake of calcium and dairy products 
may increase the risk of developing prostate cancer by 
suppressing the production of 1,25 Dihyroxy Vitamin D3 
(the active form of vitamin D3) which is independent from 
the Vitamin D receptors (Yavari, 2013-2014); (Ahn et al., 
2007); (Park et al., 2007). Furthermore, ecological studies 
have reported a high correlation between calcium intake 
and prostate cancer risk (Ganmaa et al., 2002; Zhang and 
Kesteloot, 2005; Grant, 1999). But nother studies were 
reported not correlation between calcium intake and 
prostate cancer risk (Butler et al., 2010; Ahn et al., 2007; 
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Park et al., 2007). A systematic review and meta-analysis 
study with the reviewing all documents related to a specific 
topic can be presented overall estimation and complete 
picture of the problem (Rahmati et al., 2017; Azami et al., 
2017). Regarding the fact that many studies have been 
carried out on the relationship between total calcium and 
prostate cancer over the world and a number of studies 
have shown that calcium increases the risk of prostate 
cancer; however, the relationship was not significant in 
other studies and considering the increasing importance of 
the issue and high mortality rates; a systematic review 
and meta-analysis can put all documentation together to 
provide a more accurate picture of the problem in the world. 
The aim of this study was to determine the relationship 
between total calcium (diet and supplements) and prostate 
cancer in the world and to examine its general trend in 
the world by a systematic approach and meta-analysis.

Materials and Methods

Search Strategy
The current study was conducted based on the preferred 

reporting items for systematic reviews and meta-analyses 
(PRISMA) (Moher, Liberati, Tetzlaff, Altman, and Group, 
2010).Two reviewers independently using keywords 
( “Calcium”[MeSH] and “Prostatic Neoplasms”[MeSH]) 
searched international online databases including PubMed, 
Science Direct, Cochrane, EMBASE, Web of Science, 
CINAHL, EBSCO and search engine such as Google 
Scholar search engine. The searches were performed 
without any time limit until May 2016. Moreover, 
the articles’’ references were also examined for further 
studies. 

Study Selection
First, all related articles (the relationship between total 

calcium and prostate cancer) were collected a, a list of 
titles and abstracts of research studies were prepared by 
the researchers in databanks and duplicate studies were 
removed.

After blinding the article’s specifications (including 
the name of the journal and the name of the authors) 
by the researcher (Shoboo Rahmati), the full text of 
the articles was presented to the researchers (Milad Azami 
and Mohammad Reza HafeziAhmadi). If the article 
was rejected, the reason for this was noted. In the event 
of a dispute between the two authors, this paper was 
evaluated by a team of researchers. 

Quality assessment
Two researchers independently examined the 

selected articles using an adapted version of Newcastle 
Ottawa Scale (NOS) for Cohort Studies and also NOS 
for case-control studies (Wells et al., 2010), which is a 
standard and an international checklist for the quality 
assessment of the studies. The articles that received 
threshold score of qualitative evaluation were enrolled in 
the meta-analysis process.

Inclusion and exclusion criteria
Inclusion criteria in the present study, including: 

Studies in which the relationship between total calcium 
(diet and supplements) and prostate cancer was 
identified, Availability of full text articles, Observational 
epidemiological studies and Articles was published and 
indexed in English abstract. Exclusion criteria include 
studies: prostate cancer not event as outcome and Low 
quality studies.

Data Extraction
To reduce the bias and errors in data collection, data 

extraction was independently done by two researchers 
using data extraction form (name, author, year of 
publication, country, continent, number of participants, 
number of follow-up years, sex, age, exposure assessment, 
type of exposure, dose, Relative risks (RR) or odds ratio 
(OR), CI (confidence interval) and matched variables). If 
you need to have specific questions or ambiguous articles, 
the author via e-mail questions need to be asked. For 
further information and in the case of having questions, 
contact the corresponding author. Information extracted 
by two researchers was compared and the differences 
were discussed. These differences were also shared by 
a third person and finally a consensus was reached by 
re-examining and comparing the obtained results.

Outcomes of Interest
The outcome of interest included prostate cancer, total 

prostate cancer, localized prostate cancer, advance prostate 
cancer, and fatal prostate cancer.

Statistical Analysis
Prostate cancer was categorized in to total prostate 

cancer, localized prostate cancer, advance prostate cancer, 
and fatal prostate cancer and their relationship with 
total calcium was analyzed. However, the relationship 
between total calcium with fatal prostate cancer was not 
analyzed because there were only three studies assessing 
this relationship. In order to analyze the subgroups, 
follow-up years were divided into two groups: less than 
10 years and more than 10 years. The dose was divided 
into two groups: less than 750 mg/day and more than 
750 mg/day. Furthermore, to evaluate the effect of total 
calcium in relation with different types of prostate cancer, 
the relative risk index and to evaluate the heterogeneities, 
the (I2) index and Q statistic were used. I2 index is an 
index that shows heterogeneities among studies, I2 less 
than 25% show low heterogeneities, %25 < I2 < 75% 
moderate heterogeneity, and I2 > 75% high heterogeneity. 
When Q statistics was significance we used random effect 
models. For the heterogeneity of studies, the random effect 
model was used to combine the study’s results. In every 
study, RR or OR extracted the lower and higher limit. In 
studies that this index was not extracted, it was calculated 
through OR=ad/bc (Articles that had not the OR to use 
the formula) and the logarithm of OR or RR was used to 
polarize the effect size. Error standard was calculated by 
SE= 1n (upper 95% CI / lower 95% CI) / (2× 1.96). If only 
upper and lower limit had been reported in studies, OR= 
ad/bc was used. Meta-regression was used for evaluating 
the relation between year of study and effect size and 
evaluating the cause of heterogeneity of studies. Begg’s 
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Subgroups analysis for relationship between calcium 
intake and total prostate cancer
Based on the continent

Nine, one, one study was conducted on the continents of 
America, Asia and Europe, respectively. RR with 95% CI 
for relationship between calcium intake and total prostate 
cancer in American, Asian and European studies was 1.13 
(95% CI: 1.03-1.25), 1.25 (95% CI: 0.89-1.75), and 2.43 
(95% CI: 1.05-5.62), respectively (Figure 3-A).

Based on follow-up years
In studies with follow-up less and more than 10 years, 

the relationship between calcium intake and total prostate 
cancer was significant with the RR of 1.07 (95% CI: 
0.98-1.17) and 1.22 (95% CI: 1.07-1.38), respectively 
(Figure 3-B). 

Based on the dose of consumable
In nine studies with doses <750 Mg / day, the relationship 

between calcium intake and total prostate cancer was 
significant with the RR of 1.09 (95% CI: 1.01-1.18) 
and also in two studies with a dose > 750 Mg / day, this 
relationship was not significant with the RR of 1.59 
(95 % CI: 0.91-2.78) (Figure 3-C). 

Based on sample size and year of publication
According to the Table 2, there is no significant 

relationship between year of publication and the effect 
size logarithm and their regression equation is as follows: 

funnel plot was used to investigate publication bias and 
sensitivity analysis was performed to evaluate the effect of 
each study on the overall results. STATA software version 
3.2 was used to analyze in this study and P<0.05 has been 
considered significance level for all analyzes.

 
Results

Literature Search result and characteristics of studies
A total of 165 articles were identified from the database 

search by two authors and 11 studies were excluded due 
to duplication. After screening the titles and abstracts, 
120 studies were excluded because of their irrelevance to 
the topic. Finally, 12 studies (including 11 cohort studies 
and 1 case control study) with appropriate quality entered 
the meta-analysis (Figure 1). 

The average age of majority was between 50 -70 
years and also about 83%of articles had been performed 
in the USA (Table 1). 

The relationship between calcium intake and total prostate 
cancer 

The heterogenei ty  in  the s tudy was high 
(I2= 59.7%, P= 0.006). In eleven studies, the combined 
studies using random-effects model the relationship 
between calcium intake and total prostate cancer showed 
that calcium intake increases the prostate cancer risk with 
a RR of 1.15 (95% CI: 1.04- 1.27) (Figure 2-A). 

This relationship in cohort and case control studies 
was significant with RR of 1.11 (95% CI: 1.02-1.20) 
and OR of 2.20 (95% CI: 1.40-3.46), respectively 
(Figure 2-A). 

Sensitivity analysis
Sensitivity analysis was performed on the impact of each 

study in overall results. Sensitivity analysis by removing 
one study at the same time was indicated that the overall 
RR was robust (Figure 2-B).

 

Figure 1. Entry Procedures of Studies to Meta-analysis

Figure 2. Forest Plot of Meta-analysis (A) and Sensitivity 
Analysis (B) for Relationship between Calcium Intake 
and Total Prostate Cancer 

(A)

(B)
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y=-35.32+0.01x (p=.04 for the line slop). There is also 
no significant relationship between sample size and the 
effect size logarithm and their regression equation is as 
follows: y = 0.22-7.64x (p=.03 for the line slop) (Table 2).

The relationship between total calcium and localized 
prostate cancer

In eight cohort studies, the relationship between total 
calcium and localized prostate cancer was not significant 
with the RR of 1.05 (95% CI: 0.96-1.14) (Figure 4).

Subgroups analysis for relationship between total calcium 
and localized prostate cancer
Based on the continent

Seven and one study was conducted on the continents 
of America and Asia respectively. RR with 95% CI for 
relationship between total calcium and localized prostate 
cancer in Asian and American studies was estimated to be 
1.43 (95% CI: 0.81-2.52) and 1.04 (95% CI: 0.95-1.13), 
respectively (Figure 5-A).

Based on follow-up years
In studies with follow-up less and more than 10 years, 

the relationship between calcium intake and Localized 
prostate cancer was not significant with RR of 1.04 (95% 
CI: 0.90-1.21) and 1.13 (95% CI: 0.96-1.34), respectively 
(Figure 5-B).

Based on the dose of consumable
In seven studies with doses <750 Mg / day, the 

relationship between calcium intake and localized prostate 
cancer was not significant with the RR of 1.06 (95% CI: 
0.96-1.17) and also in one studies with a dose > 750 Mg / 
day, this relationship was not significant with RR of 1.07 
(95% CI: 0.82-1.39) (Figure 5-C). 

Publication Bias
The Beggs Funnel Plot was used to study the 

publication bias. Begg’s test was showed the effect of 
publication bias was significant for relationship between 
calcium intake and total prostate cancer (P = 0.02) and the 
relationship between total calcium and localized prostate 
cancer (P = 0.03) (Figure 6).

Figure 3. Forest Plot of the Subgroup Analysis Based on 
Continent (A), the Continent (B), Dose of Consumable 
(C) for Relationship between Calcium Intake and Total 
Prostate Cancer

Figure 4. Forest Plot of the Relationship between Total 
Calcium and Localized Prostate Cancer
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Figure 5. Forest Plot of Subgroup Analysis Based 
on the Continent (A), the Continent (B), Dose of 
Consumable (C) for Relationship between Total Calcium 
and Localized Prostate Cancer

Figure 6. Forest Plot of Publication Bias for Relationship 
between Calcium Intake and Total Prostate Cancer (A) 
and Relationship between Total Calcium and Localized 
Prostate Cancer (B)

Table 2. The Relationship between Calcium Intake and Total Prostate Cancer by Sample Size and Year of Publication
Coefficient Standard error p

Year of publication Cons 0.01 0.02 0.4
-35.32 48.38 0.4

Sample size Cons -7.64 7.44 0.3
0.22 0.08 0.3

Figure 7. Forest Plot of the Relationship between Total 
Calcium and Advance Prostate Cancer
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The relationship between Total calcium and Advance 
prostate cancer

In seven cohort studies, the relationship between total 
calcium and advance prostate cancer was not significant 
with the RR of 1.15 (95% CI: 0.89-1.50) (Figure 7).

Subgroups analysis for relationship between total calcium 
and advance prostate cancer
Based on follow-up years

In studies with follow-up less than 10 the relationship 
between calcium intake and Advance prostate cancer 
was not significant with RR of 0.91 (95% CI: 0.64-1.29). 
In studies with follow-up more than 10 years, 
the relationship between calcium intake and Advance 
prostate cancer was significant with RR of 1.45 
95% CI: 1.11-1.88) (Figure 8).

Discussion

The results of the meta-analysis study strongly 
showed that total calcium intake increases total prostate 
cancer. The analyses of sub-groups also showed that this 
relationship mostly is observed in the continent USA. 
This relationship (total calcium and prostate cancer 
overall) can be mostly seen in the developed countries. 
Of course PSA testing is of great importance in the 
developed countries and most studies conducted in this 
continent. Therefore results of the present meta-analysis 
study consistent to study conducted by Anue et al., 
(2012). Giovannucci’s et al., (2007) study showed that 
total calcium intake increases prostate cancer risk (Ma 
et al., 2001). 

Different studies showed that total calcium intake is 
mostly associated with total prostate cancer risk. In fact 
publication bias or small study effects can be a problem 
in meta-analysis of published articles and their estimation 
may be exaggerated. Moreover, limitations of this study 
include non-equal reporting of articles, publication biases, 
and non-publication of those articles which did not obtain 
a causal relationship. The assessment errors in assessing 

the amount of calcium were another limitation and 
mistake of this study. Calcium intake may be associated 
with other risk factors such as physical activity, smoking, 
alcohol consumption, meat and tomato consumption, 
or prostate-specific antigen (PSA) test (21, 22, 53, and 
61). These risk factors act as confounding factors and 
the results vary in several sub-groups according to 
adjustment of these confounding variables.

In conclusion, results showed that total calcium intake 
increases the risk of total prostate cancer; however, there 
is a positive correlation between localized prostate cancer 
and advance prostate cancer, and the total calcium intake. 
According to the results based on the effect of calcium 
intake on increasing the risk of total prostate cancer, it is 
recommended that calcium supplements are prescribed in 
some cases considering their possible benefits and harms. 
Since no study has been conducted on the relationship 
between calcium intake and prostate cancer in Iran, further 
prospective epidemiologic studies are recommended.
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