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Introduction and aim: The aim of this systematic review was to assess the role 
of vitamin C in the prevention of pancreatic cancer (PC).

Methods: A comprehensive literature search was performed in PubMed, Embase 
and Web of Science up to August 2023, to identify randomized controlled 
trials (RCT), cohort studies and mendelian randomization studies based on 
prospective databases assessing the role of vitamin C in PC prevention.

Results: A total of twelve studies including European and North-American 
participants were included: two RCT, three mendelian randomization (MR) 
studies and seven cohort studies. Both RCT showed high quality in Cochrane 
risk of bias tool. Only one cohort study had <7 points in Newcastle Ottawa 
Scale. Both RCT found no association between the intake of 500  mg/day of 
vitamin C and the incidence of PC. Only one prospective cohort study found 
an association between vitamin C serum levels and a lower incidence of PC. 
The remaining cohort studies and MR studies found no association between 
dietary/supplements intake of vitamin C or circulating vitamin C levels and the 
incidence of PC.

Conclusion: There is no supporting evidence that vitamin C prevents PC 
development. Future prospective quality studies including high-risk populations 
are needed.
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1 Introduction

Pancreatic cancer (PC) is the 12th most frequent cancer and the 7th leading cause of 
cancer mortality (1). In addition, the incidence and mortality of PC are increasing in many 
developed countries, particularly among women and people 50 years or older, but also in 
younger patients (2). The most common histological subtype of PC is pancreatic ductal 
adenocarcinoma (PDAC), which represents 85% of all cases of PC (3). PDAC has one of the 
highest mortality rates (with a five-year survival rate around 5%) (4) due to various factors 
such as its difficult diagnosis (in advanced stage in most cases), its aggressive nature with 
strong metastatic potential and its low response rate to treatment (2).

In this context, some complementary measures such as diet and lifestyle factors have been 
proposed to prevent PC (3). Dietary factors, especially antioxidants like vitamin C (ascorbate) 
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could play a role in the development of PC. Vitamin C cannot 
be synthesized by humans and it has to be consumed with fruits and 
vegetables or as a supplement (5). Vitamin C is a powerful antioxidant 
that inactivates free radicals-induced DNA damage. Besides, vitamin 
C inhibits the carcinogenic effect of nitroso compounds and can 
stimulate immune function (6, 7).

Despite these possible beneficial effects, the evidence of a 
decreased risk of PC associated with a high dietary intake of vitamin 
C is controversial. Some retrospective case–control studies showed an 
association between a high dietary vitamin C intake and a reduced 
risk of PC (8, 9). However, a few prospective studies have not yet 
confirmed this association (10, 11). Finally, two meta-analyses of 
observational studies showed different results. A meta-analysis by Fan 
et al. (12) published in 2015 found an association between a high 
consumption of vitamin C with a risk reduction of PC. However, 
another meta-analysis published by Hua et al. (13) concluded that 
there was not enough evidence of a relationship between the 
consumption of vitamin C and the prevention of PC. Noteworthy, 
most of the studies included in these meta-analyses were case–control 
studies. Case–control studies have some weaknesses as a high risk of 
bias, mainly recall and selection biases (14). Besides, the causal 
temporal relationship between exposure and outcome is not well 
stablished in retrospective studies.

Therefore, the aim of our study was to carry out an updated 
systematic review including high-quality studies to unraveal the 
association between the vitamin C consumption and the risk of PC.

2 Materials and methods

This systematic review was performed according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 2020 
(PRISMA 2020) guidelines (15). Due to the study design, institutional 
review board approval was not required. This systematic review was 
not pre-registered in any database.

2.1 Data sources and search strategy

A comprehensive literature search was performed in PubMed, 
Embase and Web of Science up to August, 2023. Database searches were 
performed independently by two authors using the following search 
strategy: vitamin C OR ascorbate. The Boolean operator “AND” was 
used to combine these terms with: pancreatic cancer OR cancer of 
pancreas OR pancreatic adenocarcinoma. No database filters were 
applied. All references were imported into an EndNote 20.5 reference 
manager file. First, EndNote automatically removed the duplicate 
references and, later, we manually reviewed all the references removing 
those corresponding to the same publication (based on title, authors and 
doi). Titles and abstracts were independently reviewed by all authors. 
Subsequently, full-text articles were reviewed again by all authors and 
any disparities were discussed and resolved by consensus. In addition, 
references cited in eligible studies were assessed to identify potential 
studies unnoticed in the electronic search. No additional methods were 
needed such as contacting authors for missing data or clarification. No 
language, time or other restrictions were applied.

A total of 1,872 records were identified from databases (PubMed 
188, Web of Science 681, Embase 1,003). After an initial electronic and 

subsequent manual identification of duplicate records, 469 records 
were removed so 1,403 records were screened. During the screening by 
title and abstract, 1,363 references were excluded so 40 full-texts were 
reviewed. After applying inclusion and exclusion criteria, eight studies 
identified via databases were included in the systematic review (10, 
16–22). The most frequent reasons for exclusion were: case control 
studies (n = 15), reviews (n = 6) and absence of vitamin C or PC data 
(n = 6). In addition, four reports that were not identified in electronic 
search were selected when citation of eligible studies were reviewed (11, 
23–25). Finally, a total of twuelve studies were included in this 
systematic review. The flow diagram of study retrieval for this 
systematic review is shown in Figure 1.

2.2 Selection criteria

Studies were included in case of: (1) studies specifying dietary or 
supplement vitamin C intake or cirulating vitamin C levels; (2) studies 
assessing the risk of PC development during follow-up (also studies 
including other types of cancer if they showed PC data separately); (3) 
prospective observational studies, randomized controlled trials (RCT) 
or mendelian randomization (MR) studies based on a 
prospective database.

The following exclusion criteria were applied: (1) Studies reporting 
diet without quantifying vitamin C consumption; (2) Studies focusing 
on the adjuvant effect of vitamin C in the treatment of current 
pancreatic cancer; (3) Transversal or retrospective design; (4) 
Narrative reviews, systematic reviews, meta-analyses, letters, 
guidelines, editorials; (5) Conference communications; (6) 
Non-human studies; (7) In vitro studies.

2.3 Data extraction and analysis

All included studies were critically reviewed by all authors and 
disparities were discussed and resolved by consensus. We extracted 
the following variables from the included studies: publication year, 
study location, study design, follow-up (years), sample size 
(cohort, non-cancer controls and incidence of PC during 
follow-up), vitamin C source (dietary and/or supplements) and 
method of reporting this information (blood determination, 
written questionnaires, food diaries), age of participants, gender 
of participants, ethnicity, risk of PC and variables included in the 
adjusted analysis.

Studies whose participants reported the composition of their 
diet estimated the daily intake of vitamin C considering the 
frequency and/or amount of several foods. Later, the estimated 
amount of vitamin C intake was clasified by the studies into 
several categories. Then, the risk of incident PC during follow-up 
in participants with the highest amount of vitamin C intake and 
participants with lower amount of vitamin C intake 
were compared.

2.4 Risk of bias assessment

The Newcastle-Ottawa Scale (NOS) was used to assess the quality 
of cohort studies. The risk of bias assessment was initially performed 
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by two authors and disagreements were resolved by consensus 
involving a third author. NOS for cohort studies is compound by 8 
items (26): 4 items for the selection of exposed/non-exposed group 
(representativeness of the exposed cohort, selection of the 
non-exposed cohort, ascertainment of exposure, and outcome of 
interest not present at the start of the study), 1 item for the 
comparability of the groups and 3 items for outcome evaluation 
(assessment of outcome, length of follow-up period, and adequacy of 
follow-up). A maximum of one star can be assigned to each item 
except for comparability, which can be assigned two stars (maximum 
total score 9 stars). Studies that achieved at least 7 stars were 
considered to have low risk of bias.

Despite the absence of a formal tool for risk of bias assessment in 
MR studies (27), we used the STROBE-Mendelian Randomization 
checklist as a guide to address risk of bias of MR studies (28). The 
STROBE checklists were created to ensure clear presentation of 
observational studies rather than to judge the study quality of studies, 
and it could lead to inconsistencies in the assessment of the quality of 
MR studies.

The Revised Cochrane Risk of Bias Tool for randomized trials 
(RoB2.0) was used to assess the quality of RCT. This instrument is 
composed of the following five domains: Domain 1 (Risk of bias 
arising from the randomization process), Domain 2 (Risk of bias due 
to deviations from the intended interventions) (effect of assignment 
to intervention and effect of adhering to intervention), Domain 3 
(Risk of bias due to missing outcome data), Domain 4 (Risk of bias 
in measurement of the outcome) and Domain 5 (Risk of bias in 
selection of the reported result). An overall low risk of bias was 
considered if the study was judged to be at low risk of bias for all 
domains (29).

3 Results

3.1 Study characteristics

Seven (58.3%) of the included studies were prospective cohort 
studies (10, 11, 16, 17, 19, 20, 25), three (25.0%) were mendelian 
randomization studies based on prospective cohort databases (18, 21, 22) 
and two (16.7%) were double-blind randomized placebo-controlled 
studies (23, 24). The studies were published between 1994 and 2022 and 
both randomized controlled studies were published in 2009 (23, 24). Six 
(50%) studies used data from European participants (10, 16, 18, 21, 22, 
25) and six (50%) studies were conduced in North America (11, 17, 19, 
20, 23, 24). Wang et  al. (20) reported an observational post-trial 
follow-up between 2007–2011 of patients included in the Physician’s 
Health Study II randomized trial [Gaziano et al. (23), performed between 
1997–2007]. The three MR studies used data from two European 
prospective databases: United Kingdom Biobank (18, 21, 22) and/or 
FinnGen (Finland) (18, 22). The main characteristics of the twelve 
included studies are shown in Supplementary Table S1.

Regarding vitamin C intake, both RCT used a daily dose of 
500 mg. Only four non-RCT studies (40%) were based on circulating 
vitamin C or metabolites levels (16, 18, 21, 22) whereas the rest used 
self-reported questionnaires of diet and/or supplement vitamin C 
intake (60%) (10, 11, 17, 19, 20, 25).

3.2 Participants characteristics

Sample size of the observational studies ranged from 13,976 (19) 
to 309,154 participants from FinnGen (18) or 455,761 from UK 

FIGURE 1

Flow chart of study selection.
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Biobank (21). Regarding randomized controlled studies, Gaziano et al. 
(23) had a sample size of 14,641 participants (3,673 randomized to 
vitamin C active and vitamin E placebo, and 3,653 randomized to 
vitamin C and E placebo) and Lin et al. (24) had a sample size of 7,627 
participants (3,824 randomized to vitamin C active and 3,803 
randomized to vitamin C placebo, part of them receiving vitamin E 
and/or beta carotene supplements).

Seven (58.3%) studies focused on participants ≥50 years (10, 11, 
17, 19, 20, 23, 25) whereas five (41.7%) studies included patients 
≥40 years (16, 18, 21, 22, 24). Three studies only included males (20, 
23, 25), two studies only included females (11, 24) and the three 
studies based on UK Biobank and FinnGen did not specify the exact 
proportion of patients of each gender (18, 21, 22). The rest of studies 
included a higher proportion of females (10, 16, 17, 19), however, male 
gender was more prevalent in patients with incident PC (10, 16). Five 
(41.7%) studies did not specified ethnicity of participants (10, 16, 20, 
23, 25), whereas seven (58.3%) studies included >90% of white 
participants (11, 17–19, 21, 22, 24).

3.3 Risk of bias assessment

NOS scores for risk of bias assessment of cohort studies are shown 
in Supplementary Table S2 and Cochrane risk of bias tool scores for 
RCT are shown in Supplementary Table S3. Six studies (85.7%) had a 
NOS total score ≥ 7 points (10, 11, 16, 17, 20, 25) whereas only one 
study (14.3%) had <7 points (19). Most studies had a selection bias, 
mainly in the representativeness of the exposed cohort because they 
selected volunteers, that may not faithfully represent the community. 
In addition, some studies focused on postmenopausal women (11), 
old participants (19), male smokers (25) or male physicians (20). Only 
two studies (28.6%) had a star for the item “ascertainment of exposure” 
(16, 20), which was only awarded if the exposure was verified by an 
objective test or structured interview. The rest of the studies used 
mainly written self report.

The two RCT (23, 24) assessed with the Revised Cochrane risk of 
bias tool (RoB 2.0) had a low risk of bias for the five domains: risk of 
bias arising from the randomization process, risk of bias due to 
deviations from the intended interventions (effect of assignment to 
intervention and effect of adhering to intervention), risk of bias due 
to missing outcome data, risk of bias in measurement of the outcome 
and risk of bias in selection of the reported result.

All three MR studies (18, 21, 22) broadly followed the STROBE 
recommendations for methodology (study design, assumptions, 
statistics and assessment of assumptions) and results (description, 
main results and assessment of assumptions).

3.4 Role of vitamin C in the prevention of 
pancreatic cancer

Both RCT found no association between vitamin C 500 mg/day 
intake and the incidence of PC [Gaziano et al. (23): HR 0.97 95% CI 
(0.57–1.64] after 8 years of follow-up; Lin et al. (24): RR 2.32 95% CI 
(0.89–6.04) after 9.4 years of follow-up). In addition, Lin et al. (24) 
found no association between overall cancer mortality and vitamin C 
intake. Although both RCT used the same doses of vitamin C and 
placebo control, they were conducted in different populations: 

Gaziano et al. (23) in male physicians initially aged ≥50 years and Lin 
et al. (24) in women aged ≥40 years.

Banim et  al. (16) was the only prospective cohort study that 
assessed vitamin C consumption using biomarkers (serum levels of 
vitamin C), and they found an association between the highest 
quartile of vitamin C serum levels and a lower incidence of PC [HR 
0.19 95% CI (0.06–0.68)]. However, vitamin C intake was not 
statistically associated with PC incidence in this study [HR 0.68 95% 
CI (0.37–1.26)].

The remaining six prospective cohort studies and three MR 
studies found no association between dietary/supplements intake of 
vitamin C or circulating vitamin C levels and the incidence of PC (10, 
11, 17–22, 25). Shibata et al. (19) had high risk of bias according to 
NOS so it could affect the reliability of the findings. Regarding the MR 
studies, although the number of included patients and the date of data 
extraction may be different, they probably obtained similar results 
because they were based on the same databases (UK Biobank 
and FinnGen).

Therefore, the results of each study were similar regardless of their 
design (RCTs, cohort studies or MR studies). The sources of vitamin 
C (food vs. supplements) used in the twelve studies were detailed in 
Supplementary Table S1, however, vitamin C sources did not have an 
impact on PC as neither food nor supplement intake were associated 
with PC. Although the median duration of follow-up ranged from 3 
(20) to 16 (10) years, similar outcomes were observed. In addition, the 
time period used as a reference for vitamin C consumption varied 
between the different studies without impact on the results; for 
example, Wang et al. (20) periodically assessed dietary adherence but 
Banim et al. (16) performed a single measure of diet at baseline; and 
Han et al. (17), Heinen et al. (10) or Stolzenberg-Solomon et al. (25) 
assessed vitamin C intake over the last year. Shibata et al. (19) and 
Stolzenberg-Solomon et  al. (25) focused on high-risk population 
(elderly and older males, respectively), however, they did not find 
association between vitamin C intake and PC. The absence of an 
association between vitamin C intake and PC risk is clinically 
significant because this finding supports not recommending a high 
vitamin C intake specifically for this purpose in patients with high risk 
of PC. However, given the pleiotropic effects of vitamin C, its intake 
as part of a balanced diet may be  recommended in the general 
population for reasons other than PC.

4 Discussion

Given the increasing incidence and mortality of PC, the absence 
of adequate prevention strategies for PC, and the contradictory data 
on the role of vitamin C in the prevention of PC, we aimed to perform 
a systematic review of cohort studies, RCT and MR studies. We found 
no association between vitamin C intake and the risk of PC.

These results differed from those reported in the previous meta-
analysis of Fan et  al. (12), in which high vitamin C intake was 
associated with lower risk of PC, mainly because of methodological 
differences and new evidence (12, 21, 22). In that meta-analysis 
authors included thirteen case–control studies and four cohort 
studies, while in this systematic review we restricted to RCT, MR 
studies or observational studies with a prospective design (including 
2 recently published) (21, 22). Moreover, other previous meta-analysis 
of Hua et al. (13) found a possible bias among the case–control studies 
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that precludes drawing any conclusions; while in our review the 
overall risk of bias according to the NOS, Cochrane risk of bias tool 
and STROBE-MR was low (except for one study) (19). In addition, 
vitamin C intake was categorized in the pooled analysis into highest 
and lowest vitamin C intake groups, but vitamin C intake was graded 
or defined differently in each study, leading to heterogeneity.

Some studies have investigated the influence of dietary 
antioxidants on digestive neoplasms (30) because oxidative stress 
increases the risk of mutagenesis, and vitamin C intake has been 
proposed as a protective factor against PC, especially at high doses (3). 
An additional effect reducing inflammation and improving the 
immune function has also been suggested (16). Most evidence comes 
from molecular studies and case–control studies with positive results; 
however, when new prospective studies were developed no significant 
association was found (8–10, 17, 31, 32).

In the UK prospective cohort from the EPIC-Norfolk Study, the 
only cohort study that assessed vitamin C exposure by serum levels, 
there was an association between vitamin C levels and the risk of PC 
(16). This finding has an uncertain clinical significance since serum 
vitamin C levels are not determined in routine analyses. The 
combination of the highest quartiles of vitamin C, vitamin E and 
selenium decreased the risk of PC so this effect could also be mediated, 
at least partially, by nutrients other than vitamin C. In this study, the 
intake of vitamin C was determined using dietary questionnaires and 
blood samples at baseline. There was no association between PC and 
low vitamin C intake based on questionnaires at 10 years and at 
17 years follow-up. However, the quartile with the highest serum 
concentration of vitamin C was associated with a lower risk of PC at 
10 years but not at 17 years. It should be noted that diet data and blood 
samples were collected baseline, but dietary patterns and nutrient’s 
concentrations can change over time. Despite results were adjusted by 
smoking status, body mass index, age and diabetes, there may be other 
confounding factors which can influence the risk (genetic variants, 
chronic pancreatitis, family history of PC.) (33). Moreover, some 
conditions such as alcohol consumption (which can lead to chronic 
pancreatitis) may influence the dietary pattern leading to vitamin C 
deficiency (34). Despite its large sample size and accurate measurement 
of exposure and outcome, the clinical significance of a lower risk of 
PC in patients with higher serum vitamin C levels remains unclear 
because no association with daily intake was found.

Contrary to the UK cohort, in the US VITAL cohort study, 
including 184 cases of pancreatic adenocarcinoma during the 
follow-up, there was no association between vitamin C consumption 
and the risk of PC (17). In this study, data from vitamin C was 
obtained from questionnaires and results were adjusted by the main 
risk factors such as diabetes, age, smoking status, alcohol consumption 
and family history of PC. In this cohort, smokers had a significantly 
lower vitamin C consumption comparing with non-smokers (mean 
104.5 mg vs. 125.5 mg, p < 0.0001). In a Dutch cohort including 423 
cases of PC, no association was found between vitamin C intake based 
on questionnaires and PC after adjustment for main confounding 
factors such as family history of PC, smoking status and alcohol 
consumption (10). Another study with the Iowa Women’s Health 
cohort (256 PC) and a similar design, also failed in finding association 
between vitamin C an PC (11). Therefore, there is cumulative evidence 
from prospective cohort studies carried out in different populations 
that supports that there is no association between vitamin C intake 
and the risk of PC.

The most recently published prospective studies assessing this 
issue are MR studies, which are designed to minimize the risk of bias 
due to a randomized assign of genetic variants. Moreover, Zhang et al. 
(22) included 2 different populations in their study (UK and Finnish 
database) and performed a meta-analysis with consistent results. Two 
instrumental variables were also included (metabolites and antioxidant 
levels). In this study, despite the possible association between vitamin 
C metabolites and PC in the UK sample, those results were not found 
in neither of the meta-analysis for metabolites and for antioxidant 
levels. In the MR study of Yin et al. (21), including also data from the 
UK biobank, no association was found between vitamin C (metabolites 
and antioxidant) and the risk of PC using the inverse-variance 
weighted method and performing meta-analysis. In this study there 
was not significantly horizontal pleiotropy, which minimizes the risk 
of bias. However, authors admitted that the design of the study is 
unable to determine if some subpopulations of high risk (for example 
smokers or family history of PC) would benefit from vitamin 
C supplementation.

The main risk factors for PC are age, sex, family history, type-2 
diabetes mellitus, obesity, smoking habit, risky alcohol consumption 
and chronic pancreatitis (35). In fact, some studies suggest that the 
benefit of vitamin C could be limited to high risk populations (36). 
However, Stolzenberg-Solomon et al. (25) published results from a 
male smokers Finnish cohort with no differences in PC according 
vitamin C intake (median vitamin C daily intake in PC 82.8 mg vs. 
87 mg in non-PC, p = 0.20, 25). Besides, in a US cohort of elderly 
patients published by Shibata et al. (19), higher vitamin C intake was 
not associated with a statistically significant reduced risk of PC.

Given the late diagnosis of PC, the presence of advanced disease 
such as bone metastases at diagnosis is not uncommon, and they can 
also appear during follow-up. The combination of nitrogen-containing 
bisphosphonates such as zoledronic acid with nab-paclitaxel reduced 
peritoneal dissemination, fibrosis, cell proliferation and angiogenesis 
in a preclinical study (37). Additionally, zolendronic acid showed 
antitumor activity toward pancreatic ductal adenocarcinoma and 
stimulated the antitumor response of immune system by activating of 
γδ-type T cell receptors, influencing the median time to the first 
skeletal-related events (38, 39). In addition, the efficacy of zolendronic 
acid also appears to involve innate immunity, particularly through 
tumor-associated macrophages (TAM) (38).

To our knowledge this is the most up-to-date systematic 
review addressing this topic. Although the exclusion of transversal 
studies might have left out some information, comparing with 
case–control studies the prospective cohorts analyzed include a 
high number of cases and its design minimizes the risk of recall 
and selection bias. When asking about vitamin C intake in patients 
with PC, there is a risk of overestimation of the association and, 
moreover, changes in eating behavior secondary to symptoms are 
expected. In addition, the studies included in our systematic 
review reported similar outcomes for both food and supplement 
sources of vitamin C and the results were adjusted by relevant 
confounding factors such as age, sex, alcohol consumption or 
smoking habit. Due to the rapid mortality in this type of cancer, 
case–control studies are also at risk of selection bias. However, 
cohort studies included in this review have also some limitations. 
Firstly, most of them get information about vitamin C intake using 
questionnaires, which are at risk of bias and are less accurate than 
blood test, since other factors may influence in the bioavailability 
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of the antioxidant. However, this risk of bias extends to the entire 
cohort and is not only limited to cases. Moreover, the highest 
quality studies included in this review are based on vitamin C 
serum levels and its design could be comparable to RCT. Secondly, 
most of the studies included assessed vitamin C intake at baseline 
and not in the follow-up, but dietary patterns may change 
throughout life. Thirdly, only two studies are based on high risk 
cohorts (elderly and smokers), so it is difficult to extend 
conclusions to that populations. Fourth, the mean follow-up of the 
RCT or prospective cohort studies may be  insufficient to 
accurately detect incident PC, and the results of the studies are not 
adjusted for the same variables. Fifth, the systematic review was 
not pre-registered in any database. Sixth, a wide range of study 
designs were included leading to potential heterogeneity that 
could influence interpretation of results. Finally, all cohorts 
included in the review are from Europe or USA, so these results 
cannot be generalized to patients from other geographic areas.

Our findings support that vitamin C consumption cannot 
be  generally recommended for PC prevention. Vitamin C 
consumption should be included as part of a balanced diet for 
other reasons but increasing its consumption would not 
be justified for an eventual reduction in the risk of PC. Future 
prospective and long-term studies are needed to elucidate the 
effect of vitamin C in the prevention of PC in high-risk 
populations such as patients with history of chronic pancreatitis, 
smokers or family history of PC.

In conclusion, in this systematic review which includes the most 
recent and highest-quality methodological studies published to date, 
no association was found between vitamin C and PC risk. However, 
more prospective quality studies including high-risk populations are 
needed to assess this issue.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author.

Author contributions

SM-D: Conceptualization, Data curation, Methodology, Writing 
– original draft. VL: Conceptualization, Data curation, Methodology, 
Writing – original draft. GG-R: Conceptualization, Data curation, 
Methodology, Supervision, Writing – review & editing.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. Publication 
charges were funded by Instituto de Salud Carlos III (ISCIII) through 
the project FORTALECE (FORT23/00028).

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnut.2024.1398147/
full#supplementary-material

References
 1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global 

cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 
36 cancers in 185 countries. CA Cancer J Clin. (2021) 71:209–49. doi: 10.3322/caac.21660

 2. Huang J, Lok V, Ngai CH, Zhang L, Yuan J, Lao XQ, et al. Worldwide burden of, risk 
factors for, and trends in pancreatic cancer. Gastroenterology. (2021) 160:744–54. doi: 
10.1053/j.gastro.2020.10.007

 3. Jentzsch V, Davis JAA, Djamgoz MBA. Pancreatic cancer (PDAC): introduction of 
evidence-based complementary measures into integrative clinical management. Cancers 
(Basel). (2020) 12:3096. doi: 10.3390/cancers12113096

 4. McGuigan A, Kelly P, Turkington RC, Jones C, Coleman HG, McCain RS. 
Pancreatic cancer: a review of clinical diagnosis, epidemiology, treatment and outcomes. 
World J Gastroenterol. (2018) 24:4846–61. doi: 10.3748/wjg.v24.i43.4846

 5. Doseděl M, Jirkovský E, Macáková K, Krčmová LK, Javorská L, Pourová J, et al. 
Vitamin C-sources, physiological role, kinetics, deficiency, use, toxicity, and 
determination. Nutrients. (2021) 13:615. doi: 10.3390/nu13020615

 6. Arranz N, Haza AI, García A, Delgado ME, Rafter J, Morales P. Inhibition by 
vitamin C of apoptosis induced by N-nitrosamines in hep G2 and HL-60 cells. J Appl 
Toxicol. (2008) 28:788–96. doi: 10.1002/jat.1340

 7. Carr AC, Maggini S. Vitamin C and immune function. Nutrients. (2017) 9:1211. 
doi: 10.3390/nu9111211

 8. Jansen RJ, Robinson DP, Stolzenberg-Solomon RZ, Bamlet WR, de Andrade M, 
Oberg AL, et al. Nutrients from fruit and vegetable consumption reduce the risk of 
pancreatic cancer. J Gastrointest Cancer. (2013) 44:152–61. doi: 10.1007/s12029- 
012-9441-y

 9. Bravi F, Polesel J, Bosetti C, Talamini R, Negri E, Dal Maso L, et al. Dietary intake 
of selected micronutrients and the risk of pancreatic cancer: an Italian case-control 
study. Ann Oncol. (2011) 22:202–6. doi: 10.1093/annonc/mdq302

 10. Heinen MM, Verhage BAJ, Goldbohm RA, Van Den Brandt PA. Intake of 
vegetables, fruits, carotenoids and vitamins C and E and pancreatic cancer risk in 
The Netherlands cohort study. Int J Cancer. (2012) 130:147–58. doi: 10.1002/
ijc.25989

 11. Inoue-Choi M, Flood A, Robien K, Anderson K. Nutrients, food groups, dietary 
patterns, and risk of pancreatic cancer in postmenopausal women. Cancer Epidemiol 
Biomarkers Prev. (2011) 20:711–4. doi: 10.1158/1055-9965.EPI-11-0026

 12. Fan H, Kou J, Han D, Li P, Zhang D, Wu Q, et al. Association between vitamin C 
intake and the risk of pancreatic cancer: a meta-analysis of observational studies. Sci 
Rep. (2015) 5:13973. doi: 10.1038/srep13973

 13. Hua Y-F, Wang G-Q, Jiang W, Huang J, Chen G-C, Lu C-D. Vitamin C intake and 
pancreatic cancer risk: a meta-analysis of published case-control and cohort studies. 
PLoS One. (2016) 11:e0148816. doi: 10.1371/journal.pone.0148816

https://doi.org/10.3389/fnut.2024.1398147
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2024.1398147/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2024.1398147/full#supplementary-material
https://doi.org/10.3322/caac.21660
https://doi.org/10.1053/j.gastro.2020.10.007
https://doi.org/10.3390/cancers12113096
https://doi.org/10.3748/wjg.v24.i43.4846
https://doi.org/10.3390/nu13020615
https://doi.org/10.1002/jat.1340
https://doi.org/10.3390/nu9111211
https://doi.org/10.1007/s12029-012-9441-y
https://doi.org/10.1007/s12029-012-9441-y
https://doi.org/10.1093/annonc/mdq302
https://doi.org/10.1002/ijc.25989
https://doi.org/10.1002/ijc.25989
https://doi.org/10.1158/1055-9965.EPI-11-0026
https://doi.org/10.1038/srep13973
https://doi.org/10.1371/journal.pone.0148816


Martínez-Domínguez et al. 10.3389/fnut.2024.1398147

Frontiers in Nutrition 07 frontiersin.org

 14. Davies HT, Crombie IK. Bias in case-control studies. Hosp Med. (2000) 61:279–81. 
doi: 10.12968/hosp.2000.61.4.1875

 15. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. 
The PRISMA 2020 Statement: an updated guideline for reporting systematic reviews. 
BMJ. (2021) 372:n71. doi: 10.1136/bmj.n71

 16. Banim PJR, Luben R, McTaggart A, Welch A, Wareham N, Khaw K-T, et al. Dietary 
antioxidants and the aetiology of pancreatic cancer: a cohort study using data from food 
diaries and biomarkers. Gut. (2013) 62:1489–96. doi: 10.1136/gutjnl-2011-301908

 17. Han X, Li J, Brasky TM, Xun P, Stevens J, White E, et al. Antioxidant intake and 
pancreatic cancer risk: The vitamins and lifestyle (VITAL) study. Cancer. (2013) 
119:1314–20. doi: 10.1002/cncr.27936

 18. Larsson SC, Mason AM, Vithayathil M, Carter P, Kar S, Zheng J-S, et al. Circulating 
vitamin C and digestive system cancers: Mendelian randomization study. Clin Nutr. 
(2022) 41:2031–5. doi: 10.1016/j.clnu.2022.07.040

 19. Shibata A, Mack TM, Paganini-Hill A, Ross RK, Henderson BE. A prospective 
study of pancreatic cancer in the elderly. Int J Cancer. (1994) 58:46–9. doi: 10.1002/
ijc.2910580109

 20. Wang L, Sesso HD, Glynn RJ, Christen WG, Bubes V, Manson JE, et al. Vitamin E 
and C supplementation and risk of cancer in men: posttrial follow-up in the physicians’ 
health study II randomized trial. Am J Clin Nutr. (2014) 100:915–23. doi: 10.3945/
ajcn.114.085480

 21. Yin L, Yan H, Chen K, Ji Z, Zhang X, Ji G, et al. Diet-derived circulating 
antioxidants and risk of digestive system Tumors: a Mendelian randomization study. 
Nutrients. (2022) 14:3274. doi: 10.3390/nu14163274

 22. Zhang X, Zhao H, Man J, Yin X, Zhang T, Yang X, et al. Investigating causal 
associations of diet-derived circulating antioxidants with the risk of digestive system 
cancers: a Mendelian randomization study. Nutrients. (2022) 14:3237. doi: 10.3390/
nu14153237

 23. Gaziano JM, Glynn RJ, Christen WG, Kurth T, Belanger C, Mac Fadyen J, et al. 
Vitamins E and C in the prevention of prostate and Total cancer in men: The physicians’ 
health study II randomized controlled trial. JAMA. (2009) 301:52–62. doi: 10.1001/
jama.2008.862

 24. Lin J, Cook NR, Albert C, Zaharris E, Gaziano JM, Van Denburgh M, et al. 
Vitamins C and E and Beta carotene supplementation and cancer risk: a randomized 
controlled trial. JNCI J Natl Cancer Inst. (2009) 101:14–23. doi: 10.1093/jnci/djn438

 25. Stolzenberg-Solomon RZ. Prospective study of diet and pancreatic cancer in male 
smokers. Am J Epidemiol. (2002) 155:783–92. doi: 10.1093/aje/155.9.783

 26. Ottawa Hospital Research Institute. Available at: https://www.ohri.ca/programs/
clinical_epidemiology/oxford.asp (Accessed August 26, 2023).

 27. Spiga F, Gibson M, Dawson S, Tilling K, Davey Smith G, Munafò MR, et al. Tools 
for assessing quality and risk of bias in Mendelian randomization studies: a systematic 
review. Int J Epidemiol. (2023) 52:227–49. doi: 10.1093/ije/dyac149

 28. Skrivankova VW, Richmond RC, Woolf BAR, Yarmolinsky J, Davies NM, Swanson 
SA, et al. Strengthening the reporting of observational studies in epidemiology using 
Mendelian randomization: The STROBE-MR statement. JAMA. (2021) 326:1614–21. 
doi: 10.1001/jama.2021.18236

 29. Cochrane Methods. RoB 2: A revised Cochrane risk-of-bias tool for randomized 
trials. Available at: https://methods.cochrane.org/bias/resources/rob-2-revised-
cochrane-risk-bias-tool-randomized-trials [Accessed September 22, 2023]

 30. Luo H, Fang Y-J, Lu M-S, Pan Z-Z, Huang J, Chen Y-M, et al. Dietary and serum 
vitamins a and E and colorectal cancer risk in Chinese population: a case-control study. 
Eur J Cancer Prev. (2019) 28:268–77. doi: 10.1097/CEJ.0000000000000452

 31. Lin Y, Tamakoshi A, Hayakawa T, Naruse S, Kitagawa M, Ohno Y. Nutritional 
factors and risk of pancreatic cancer: a population-based case-control study based on 
direct interview in Japan. J Gastroenterol. (2005) 40:297–301. doi: 10.1007/
s00535-004-1537-0

 32. Gong Z, Holly EA, Wang F, Chan JM, Bracci PM. Intake of fatty acids and 
antioxidants and pancreatic cancer in a large population-based case-control 
study in the San Francisco Bay Area. Int J Cancer. (2010) 127:1893–904. doi: 10.1002/
ijc.25208

 33. Klein AP. Pancreatic cancer epidemiology: understanding the role of lifestyle and 
inherited risk factors. Nat Rev Gastroenterol Hepatol. (2021) 18:493–502. doi: 10.1038/
s41575-021-00457-x

 34. Marik PE, Liggett A. Adding an orange to the banana bag: vitamin C deficiency is 
common in alcohol use disorders. Crit Care. (2019) 23:165. doi: 10.1186/
s13054-019-2435-4

 35. Michl P, Löhr M, Neoptolemos JP, Capurso G, Rebours V, Malats N, et al. UEG 
position paper on pancreatic cancer. Bringing pancreatic cancer to the 21st century: 
prevent, detect, and treat the disease earlier and better. United European. Gastroenterol 
J. (2021) 9:860–71. doi: 10.1002/ueg2.12123

 36. Nöthlings U, Wilkens LR, Murphy SP, Hankin JH, Henderson BE, Kolonel LN. 
Vegetable intake and pancreatic cancer risk: the multiethnic cohort study. Am J 
Epidemiol. (2007) 165:138–47. doi: 10.1093/aje/kwj366

 37. Gonzalez-Villasana V, Rodriguez-Aguayo C, Arumugam T, Cruz-Monserrate Z, 
Fuentes-Mattei E, Deng D, et al. Bisphosphonates inhibit stellate cell activity and 
enhance antitumor effects of nanoparticle albumin-bound paclitaxel in pancreatic ductal 
adenocarcinoma. Mol Cancer Ther. (2014) 13:2583–94. doi: 10.1158/1535-7163.
MCT-14-0028

 38. Liu S, Zhou X, Song A, Huo Z, Wang Y, Liu Y. Clinical characteristics and surgical 
treatment of spinal metastases from pancreatic cancer: a single-center retrospective 
study. Ann Palliat Med. (2021) 10:1276–1271284. doi: 10.21037/apm-20-1168

 39. Oberg H-H, Wesch D, Kalyan S, Kabelitz D. Regulatory interactions between 
neutrophils, tumor cells and T cells. Front Immunol. (2019) 10:1690. doi: 10.3389/
fimmu.2019.01690

https://doi.org/10.3389/fnut.2024.1398147
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.12968/hosp.2000.61.4.1875
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/gutjnl-2011-301908
https://doi.org/10.1002/cncr.27936
https://doi.org/10.1016/j.clnu.2022.07.040
https://doi.org/10.1002/ijc.2910580109
https://doi.org/10.1002/ijc.2910580109
https://doi.org/10.3945/ajcn.114.085480
https://doi.org/10.3945/ajcn.114.085480
https://doi.org/10.3390/nu14163274
https://doi.org/10.3390/nu14153237
https://doi.org/10.3390/nu14153237
https://doi.org/10.1001/jama.2008.862
https://doi.org/10.1001/jama.2008.862
https://doi.org/10.1093/jnci/djn438
https://doi.org/10.1093/aje/155.9.783
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1093/ije/dyac149
https://doi.org/10.1001/jama.2021.18236
https://methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-trials
https://methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-trials
https://doi.org/10.1097/CEJ.0000000000000452
https://doi.org/10.1007/s00535-004-1537-0
https://doi.org/10.1007/s00535-004-1537-0
https://doi.org/10.1002/ijc.25208
https://doi.org/10.1002/ijc.25208
https://doi.org/10.1038/s41575-021-00457-x
https://doi.org/10.1038/s41575-021-00457-x
https://doi.org/10.1186/s13054-019-2435-4
https://doi.org/10.1186/s13054-019-2435-4
https://doi.org/10.1002/ueg2.12123
https://doi.org/10.1093/aje/kwj366
https://doi.org/10.1158/1535-7163.MCT-14-0028
https://doi.org/10.1158/1535-7163.MCT-14-0028
https://doi.org/10.21037/apm-20-1168
https://doi.org/10.3389/fimmu.2019.01690
https://doi.org/10.3389/fimmu.2019.01690

	The role of vitamin C in the prevention of pancreatic cancer: a systematic-review
	1 Introduction
	2 Materials and methods
	2.1 Data sources and search strategy
	2.2 Selection criteria
	2.3 Data extraction and analysis
	2.4 Risk of bias assessment

	3 Results
	3.1 Study characteristics
	3.2 Participants characteristics
	3.3 Risk of bias assessment
	3.4 Role of vitamin C in the prevention of pancreatic cancer

	4 Discussion
	Data availability statement
	Author contributions

	References

