
ABSTRACT

Calcium plays a major role in apoptosis, cell proliferation, and various cellular mechanisms. 
It is also essential for the function of the pancreas. However, the association between 
calcium intake and pancreatic cancer is not clear. This study aims to clarify the links between 
calcium intake and pancreatic cancer risk using a systematic review and meta-analysis of 
observational studies. PubMed, Web of Science, Scopus, and Google Scholar were searched 
for eligible articles published through 31 August 2023. Case-control and cohort studies 
reporting the association between dietary and/or supplemental calcium intake and risk 
of pancreatic cancer using relative risk (RR), hazard ratio (HR), or odds ratio (OR) with 
95% confidence interval (CI) were included. Meta-analysis using a random effect model 
was used to estimate the significance of the association. Eight studies were included. An 
inverse association between total calcium intake (dietary and supplement) and pancreatic 
cancer risk (RR, 0.83; 95% CI, 0.72–0.97; I2 = 0%) was observed. However, the association 
between dietary calcium intake alone and pancreatic cancer risk did not reach a statistically 
significant level (RR, 0.91; 95% CI, 0.78–1.06; I2 = 48%). Higher total calcium intake may 
reduce the risk of pancreatic cancer but the difference between sources of calcium (dietary vs. 
supplementation) requires further investigation. Also, due to the heterogeneity between the 
articles, the results of this study should be interpreted with caution.

Trial Registration: PROSPERO Identifier: CRD42022331647

Keywords: Calcium; Dietary; Supplementary calcium; Pancreatic cancer

INTRODUCTION

In most developed countries, pancreatic cancer is among the top five leading causes of 
cancer-related death in both men and women [1-3]. Smoking, overweight and obesity, 
alcohol consumption, diabetes and poor dietary intake (high intake of animal products 
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and low intake of fruit and vegetables and some micronutrients) are modifiable risk factors 
for pancreatic cancer [4,5]. Calcium is an important micronutrient, essential for bone 
health, muscle and nerve function, and regulation of hormones [6]. Calcium intake has 
been associated with different conditions such as cardiovascular diseases, strokes, and 
osteoporosis [7-9]. The association between calcium intake and different types of cancer 
is inconsistent. A meta-analysis of 15 cohort studies, suggested a potential protective 
relationship between calcium intake and colorectal cancer [10]. Similarly, an inverse dose-
response relationship between calcium intake and breast cancer risk has been reported [11]. 
However, a meta-analysis found that dairy calcium intake, but not supplemental or non-dairy 
calcium is associated with a higher risk of prostate cancer [12], while another meta-analysis 
suggested that total calcium intake (dietary and supplemental) is associated with a higher 
risk of prostate cancer [13].

There is also growing evidence from experimental and human studies suggesting a link 
between calcium and pancreatic cancer [14,15]. Pancreas sulfonylurea receptors control 
intracellular calcium changes, which play a role in the modulation of adiposity and body 
fat [16]. High intake of calcium may accelerate lipolysis, decrease lipogenesis, and increase 
fecal fat excretion [16,17], potentially reducing the risk of pancreatic cancer [18]. However, 
epidemiological studies investigating the association between dietary calcium and pancreatic 
cancer risk resulted in conflicting findings with some studies reporting an increased risk 
of pancreatic cancer [15] while others suggested a protective relationship [18-21], or no 
association [14,22,23]. Therefore, this systematic review and meta-analysis aims to clarify the 
associations between calcium (dietary or total) intake and the risk of pancreatic cancer.

MATERIALS AND METHODS

The Meta-analysis Of Observational Studies in Epidemiology (MOOSE) guidelines were 
followed during the preparation and presentation of this meta-analysis [24]. The protocol for 
this meta-analysis was registered in PROSPERO (CRD42022331647).

Search strategy
Observational studies investigated the relationship between calcium intake and pancreatic 
cancer risk were searched in PubMed, Scopus, and ISI Web of Science databases through 31st 
August 2023. Google Scholar and the reference lists of the included papers and recent review 
articles on this topic were also searched. Following Population, Intervention, Comparison, 
and Outcome (PICO) framework (Table 1) a combination of the following search keywords 
or phrases were used to find relevant literature: ((("ca"[Title/Abstract] OR "calcium*"[Title/
Abstract] OR "dairy*"[Title/Abstract] OR "milk*"[Title/Abstract] OR "cheese*"[Title/Abstract] 
OR "yogurt*"[Title/Abstract] OR "miner*"[Title/Abstract]) AND ("diet*"[Title/Abstract] OR 
"food*"[Title/Abstract] OR "nutr*"[Title/Abstract] OR "intak*"[Title/Abstract] OR "healthy 
study"[Title/Abstract])) AND ("cancer*"[Title/Abstract] OR "tumor*"[Title/Abstract] OR 
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Table 1. The PICO criteria used for the present systematic review and meta-analysis
PICO criteria Description
Patients Healthy adult subjects or adult patient with pancreatic cancer
Exposure “Dietary calcium intake” OR “Supplementary calcium intake”
Comparison The highest calcium intake versus the lowest calcium intake
Outcome Pancreatic cancer
PICO, Population, Intervention, Comparison, and Outcome.
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"neopla*"[Title/Abstract] OR "malignan*"[Title/Abstract] OR "carcin*"[Title/Abstract])) AND 
("pancr*"[Title/Abstract] OR "duct gland*"[Title/Abstract] OR "island of Langerhans"[Title/
Abstract] OR "insulin secretion cells"[Title/Abstract]) (Supplementary Table 1).

Selection criteria
Studies with a case-control or cohort design that report the association between calcium 
intake and pancreatic cancer risk as odds ratio (OR), risk ratios (RRs) or hazard ratios (HRs) 
with corresponding 95% confidence intervals (CIs), with accessible full-text published in 
English were included. Review and meta-analysis articles, laboratory and experimental 
studies, and studies with insufficient data were excluded. The screening process started by 
reviewing the titles and abstracts of the searched articles. Then, the full text of related studies 
was reviewed. The review process and study selection are illustrated in Figure 1.

Data extraction and quality assessment
Data extraction from eligible articles was performed independently by 2 reviewers (MM, 
FA). Information on first author’s name, year of publication, location, design, duration (for 
cohort studies), number of controls/cases (for case-control studies), number of participants 
and cases (for cohort studies), methods of dietary assessment (food frequency questionnaire, 
dietary history questionnaire, etc.), type of calcium intake (dietary, dietary + supplementary, 
and supplementary), OR, HR or RR with 95% CI and adjusted variables were extracted. 
The Newcastle-Ottawa Scale (NOS) was used to evaluate the quality of the studies [25]. 
Studies were evaluated by NOS based on selection, comparison of groups and determination 
of results, with a quality score between 0 and 9. NOS scores < 4, 4 to 6, and > 6 were 
considered low, medium, and high quality, respectively. Quality assessment was completed 
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Reports sought for retrieval
(n = 14)

Figure 1. Flow chart of literature search process.
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independently by 2 reviewers (FA, AP) and any disagreements were resolved by involving a 
third investigator (EH).

Statistical analysis
All statistical analyses were conducted using RStudio software, version 1.3.1073 [26]. The 
incidence of lung cancer was summarized as RRs. A DerSimonian and Laird random-effect 
meta-analysis was used to compare the risk of pancreatic cancer between the highest and 
lowest levels of calcium intake [27]. Heterogeneity among studies was tested using χ2 and 
I2 test statistics according to the Cochrane classifications (I2 < 25%, 25%–75%, and > 75% 
indicating low, medium, and high heterogeneity, respectively) [28]. To explore heterogeneity 
sources, the priori subgroup analyses of gender and study design were conducted. Also, 
a sensitivity analysis based on the leave-one-out method [29] was performed to explore 
the influence of individual studies on the overall meta-analysis effect and heterogeneity. 
Significant changes in overall meta-analysis effects or heterogeneity influenced by excluding 
one study at a time suggested the sensitivity of the overall meta-analysis to the excluded 
study. Publication bias was assessed using funnel plot and Egger’s test, with p < 0.05 
representing a significant publication bias. Also to adjust for funnel plot asymmetry, the 
Duval and Tweedie trim-and-fill analysis was performed [30].

RESULTS

Literature research and studies characteristics
Eight studies met the eligibility criteria and were included in this systematic review and meta-
analysis [14,15,18-23]. The characteristics of the included studies are shown in Table 2.  
Six studies were conducted in the United States [14,15,18-21], one in Italy [22], and one in 
Greece [23]. Three studies had a cohort design [19-21] and five were case-control studies 
[14,15,18,22,23]. The total number of participants in the cohort studies was 854,381, of which 
2,702 eventually developed pancreatic cancer, with a follow-up period of 7 to 12.2 years. The 
total number of participants in the case-control studies was 1,325 (for cases) and 3,179 (for 
controls). All studies included both genders as participants, except for one case-control study 
that included only men [18]. All 8 studies examined the relationship between pancreatic 
cancer risk and dietary calcium, but only 4 assessed the relationship with total (dietary and 
supplemental) calcium (2 were cohort studies) [14,15,19,20]. In 6 studies, food frequency 
questionnaire was used to evaluate diet. Another 2 studies collected dietary assessments 
from dietary segments of the Health Habits and History Questionnaire [18] and the 124-item 
dietary history questionnaire [19]. Additionally, 6 studies collected dietary data 1 year before 
cancer diagnosis [14,15,19-21,23], one study collected data 2 years before diagnosis [22], 
and one study collected data three years before diagnosis [18]. Based on NOS evaluation, 5 
studies were deemed as high quality (NOS > 7) and three as moderate quality (7 > NOS > 4). 
Details of NOS scoring for each study are shown in Supplementary Tables 2 and 3.

Total calcium intake and pancreatic cancer
This meta-analysis found that total calcium (dietary and supplemental) intake was 
significantly associated with a 17% lower risk of pancreatic cancer (n = 6; RR, 0.83; 95% CI, 
0.72–0.97; I2 = 0%; heterogeneity p = 0.6) (Figure 2). The subgroup of cohort studies also 
showed a similar relationship between total calcium intake and pancreatic cancer (n = 3; RR, 
0.82; 95% CI, 0.69–0.98; I2 = 0%; heterogeneity p = 0.44), but the association did not reach a 
significant level in case-control studies (Supplementary Figures 1 and 2). Subgroup analysis 
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by gender did not result in statistically significant associations (Supplementary Figures 3 
and 4). There was no evidence of asymmetry among studies based on the funnel plot and 
Eggers’ test (Egger’s test p value for total calcium = 0.99; Supplementary Figure 5). Due to 
the absence of heterogeneity, sensitivity analyses to investigate sources of heterogeneity were 
not performed.

Dietary calcium intake and pancreatic cancer
The meta-analysis results suggested no significant association between dietary calcium 
intake and pancreatic cancer risk (n = 10; RR, 0.91; 95% CI, 0.78–1.06; I2 = 48%; 
heterogeneity p = 0.04) (Figure 3). The association was significant in the subgroup 
analysis of cohort studies (n = 4; RR, 0.85; 95% CI, 0.76–0.94; I2 = 0%; heterogeneity p 
= 0.85), but did not reach a statistically significant level in the subgroup of case-control 
studies (Supplementary Figures 6 and 7). Subgroup analysis by gender did not result in 
statistically significant associations (Supplementary Figures 8 and 9). Meta analysis was 
sensitive to Zablotska et al.’s study [15]. Removal of this study reduced heterogeneity 
and changed the overall direction of results (RR ranged between 0.81 and 0.97, I2 = 23%) 
(Supplementary Figure 10). Although there was evidence of asymmetry based on the funnel 
plot (Supplementary Figure 11), Egger’s test showed no evidence of publication bias (Egger’s 
p-test value for dietary calcium = 0.82).
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Figure 3. Forest plot of dietary calcium and risk of pancreatic cancer. 
TE, the calculated within-group effect size; seTE, the standard error of the within-group effect size; RR, risk ratio; 
CI, confidence interval.

Figure 2. Forest plot of total calcium and risk of pancreatic cancer. 
TE, the calculated within-group effect size; seTE, the standard error of the within-group effect size; RR, risk ratio; 
CI, confidence interval.
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DISCUSSION

This meta-analysis investigated the association between calcium (dietary and/or supplement) 
intake and the risk of pancreatic cancer. Overall, the results suggested that higher total 
calcium (dietary and supplement) intake is associated with a lower risk of pancreatic cancer, 
but a similar association was not observed for dietary calcium intake alone. Subgroup 
analysis based on study design suggested a negative relationship between dietary and total 
calcium intake with pancreatic cancer risk in cohort studies. However, the associations were 
not different based on subgroup analyses of gender. Similar to the findings of the present 
study, no significant association between dietary calcium and pancreatic cancer risk was 
reported in a previous meta-analysis of 14 cohort studies conducted in 2014 [31].

According to Zablotska et al. [15], calcium intake from food has been associated with a 
2.8-fold increased risk of pancreatic cancer among men. However, other studies have not 
found a significant relationship between calcium intake (whether from dietary sources 
or with supplements), and pancreatic cancer risk [14,22]. Also, a cohort study consistent 
with the findings of the present study demonstrated that total calcium consumption can 
actually reduce the risk of pancreatic cancer [19]. All the studies discussed in this article are 
observational, examining the relationship between dietary and supplemental calcium intake 
and the risk of pancreatic cancer. These studies include both prospective and retrospective 
designs. In prospective studies, participants are initially cancer-free, and cancer cases 
develop during the study period, providing a stronger causal relationship compared to 
retrospective studies

Although the exact protective mechanisms of calcium against pancreatic cancer are unclear, 
the ability of calcium to regulate cell apoptosis may explain the findings of this study [32]. 
Apoptosis is triggered by the release of intracellular calcium into the cytoplasm. Calcium 
accumulates within the mitochondria and opens the mitochondrial permeability transition 
pore [32]. This can result in mitochondrial dysfunction, loss of membrane potential, and the 
release of pro-apoptotic proteins like cytochrome C, leading to cell death [32]. Calcium alone 
and through interactions with vitamin D may be responsible for its anticarcinogenic potential 
and for initiating apoptosis [33,34]. Cellular calcium is responsible for about 2/3 of the T 
cell gene expression activation or suppression [35,36]. Once they proliferate, mature, and 
acquire effector status, T cells exit the lymph nodes and circulate to locate cancer cells and 
accumulate within cancerous tissues [35]. This process subsequently triggers the recruitment 
of other chemokines, enhancing the efficiency of the immune response against cancer [35]. 
There is also an interaction between total calcium intake and total fat intake concerning 
pancreatic cancer risk [19]. In individuals with a high total fat intake, increased calcium 
intake is associated with a lower pancreatic cancer risk [19]. This could be due to an increase 
in fecal fat excretion due to calcium soap formation in the gut [10,37]. This, in turn, reduces 
the adverse effects of excess fat on the body including insulin resistance, dysregulated 
autophagy, and persistent inflammation [38,39].

This meta-analysis also reported differences in the association between dietary and total 
calcium concerning pancreatic cancer risk. These findings are difficult to justify due 
to various factors influencing the bioavailability of calcium [40]. For example, calcium 
bioavailability can be impacted by the presence of other nutrients, components, or 
contaminants within diet or supplement, and an individual’s vitamin D and calcium status 
[41]. Also, this study observed a significant inverse relationship between total calcium intake 
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and the risk of pancreatic cancer, this association may vary across different stages of the 
cancer. Therefore, further studies are needed to examine these issues between calcium intake 
and the various stages of pancreatic cancer.

The current study had some strengths. It investigated the association between dietary 
and total calcium intake and pancreatic cancer risk by pooling the results from eight case-
control and cohort studies and increasing the statistical power of the findings. However, 
the study also had some limitations. To improve comparability, different effect sizes (OR, 
HR) were considered equivalent to RR. However, these effect sizes vary in statistical nature 
and interpretation. Observational studies are also generally limited by the quality of the 
data collected, especially when using self-reported questionnaires, with the potential for 
selection bias [42]. Also, the power of meta-analysis tests was limited due to the small 
number of included studies (< 10) [43]. The studies collected data over different time periods 
(e.g., one study collected data 1 year before cancer diagnosis, while another collected data 3 
years before diagnosis). These variations can lead to differing overall results and introduce 
various biases, including recall bias, which should be considered another limitation of our 
study. Nevertheless, the findings of this study provide important information for future 
interventions and guidelines to reduce the risk of pancreatic cancer.

CONCLUSION

The results of the current systematic review and meta-analysis suggest that high total 
calcium intake is associated with a lower risk of pancreatic cancer risk. The results indicated 
a 17% lower risk of pancreatic cancer with high total calcium intake. Furthermore, given the 
observed heterogeneity amongst the articles under consideration, it is prudent to approach 
the interpretation of this study’s findings with a degree of caution.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Search Strategies used for different databases

Supplementary Table 2
Quality assessment using New Castle-Ottawa Scale for cohort studies

Supplementary Table 3
Quality assessment using New Castle-Ottawa Scale for case-control studies

Supplementary Figure 1
Forest plot of total calcium (dietary + supplemental) and risk of pancreatic cancer in cohort 
studies.

Supplementary Figure 2
Forest plot of total calcium (dietary + supplemental) and risk of pancreatic cancer in case-
control studies.
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Supplementary Figure 3
Forest plot of total calcium (dietary + supplemental) and risk of pancreatic cancer among men.

Supplementary Figure 4
Forest plot of total calcium (dietary + supplemental) and risk of pancreatic cancer among women.

Supplementary Figure 5
Begg’s funnel plot (with pseudo 95% confidence interval) depicting log RR against their 
corresponding SE for assessing the presence of publication bias in studies that investigated the 
association between dietary total calcium (dietary + supplemental) and risk of pancreatic cancer.

Supplementary Figure 6
Forest plot of dietary calcium and risk of pancreatic cancer among cohort studies.

Supplementary Figure 7
Forest plot of dietary calcium and risk of pancreatic cancer among case-control studies.

Supplementary Figure 8
Forest plot of dietary calcium and risk of pancreatic cancer among men.

Supplementary Figure 9
Forest plot of dietary calcium and risk of pancreatic cancer among women.

Supplementary Figure 10
Sensitivity analysis based on the Leave-One-Out-method sort by I2 for dietary calcium and 
risk of pancreatic cancer.

Supplementary Figure 11
Begg’s funnel plot (with pseudo 95% confidence interval) depicting log RR against their 
corresponding SE for assessing the presence of publication bias in studies that investigated 
the association between dietary calcium and risk of pancreatic cancer.
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