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Red and processed meat and
pancreatic cancer risk: a
meta-analysis

Yudi Sun, Xinyi He and Yan Sun*

Department of Gastroenterology, Shengjing Hospital of China Medical University, Shenyang, Liaoning,
China

Background: The relationship between red and processed meat consumption
and pancreatic cancer risk is controversial and no study has looked specifically
at the correlation for 6years. We conducted a meta-analysis to summarize the
evidence about the association between them.

Methods: We systematically searched PubMed, Embase and Cochrane Library for
studies of red or processed meat consumption and pancreatic cancer published
from December 2016 to July 2022. We performed random-effects models to
pool the relative risks from individual studies. Subgroup analyses were used to
figure out heterogeneity. We also performed publication bias analysis.

Results: Seven cohort studies and one case-control study that contained a
total of 7,158 pancreatic cancer cases from 805,177 participants were eligible for
inclusion. The combined RRs (95% Cl) comparing highest and lowest categories
were 1.07 (95% CI: 0.91-1.26; p = 0.064) for red meat and 1.04 (95% CI: 0.81-1.33;
p =0.006) for processed meat with statistically significant heterogeneity.

Conclusion: This meta-analysis suggested that red and processed meat
consumption has no relationship with pancreatic cancer risk.
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Introduction

Pancreatic cancer, ranking as the seventh leading cause of mortality from malignancies
globally owing to its unfavorable prognosis, exhibits a higher incidence rate in nations with a
High Human Development Index (HDI) countries (1). This trend can be attributed to the
escalating prevalence of obesity, diabetes, and alcohol consumption within these high HDI
countries alongside advancements in diagnostic techniques and enhanced cancer registration
protocols (2). According to an analysis encompassing 28 European nations, pancreatic
carcinoma is projected to surpass breast malignancy and become the third most prevalent fatal
neoplasm by 2025 (3). Therefore, it is imperative to identify risk factors for pancreatic cancer,
making it of paramount importance.

Strong evidence suggests that consumption of red and processed meat may elevate the risk
of pancreatic cancer due to its high content of heterocyclic amines (HCAs), polycyclic aromatic
hydrocarbons (PHAs), and N-nitroso compounds (NOCs). In April 2017, Zhao et al.
conducted a systematic review and meta-analysis investigating the association between intake
of red and processed meat and the risk of pancreatic cancer. The analysis included a total of 28
cohort and case-control studies published before February 2016. Among the case—control
studies, higher consumption of red meat and processed meat exhibited a positive correlation
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with pancreatic cancer risk (Red meat, RR: 1.38, 95% CI: 1.05-1.81;
Processed meat, RR: 1.62, 95% CI: 1.17-2.26); however, no overall
association was observed in cohort studies (Red meat, RR: 1.12, 95%
CI: 0.98-1.28; Processed meat, RR: 1.09, 95% CI: 0.96-1.23). Dose—
response analysis indicated that every additional daily intake
increment by 100 g in red meat was associated with an 11% increased
risk for developing pancreatic cancer while each 50 g/d increase in
processed meat intake led to an 8% rise in this risk. The findings from
this study align with dietary guidelines while providing more
comprehensive evidence based on robust epidemiological data.
However, no clear relationship has been established between recent
six-year trends in red or processed meat consumption and pancreatic
cancer risk.

Therefore, we performed an updated meta-analysis incorporating
epidemiological studies published from February 2016 to July 2022
(including cohort and case-control studies) to investigate associations
between red or processed meat consumption and incidence or
mortality of pancreatic cancer. Additionally, the potential influence of
factors such as sex (men vs. women), geographic area (USA vs. Italy),
duration of follow-up (less than 20 years vs. more than 20years) and
adjustments for alcohol intake, smoking, BMI, diabetes, family history
pancreatic  cancer, intake and physical

energy activity

were investigated.

Methods
Search strategy

Articles published from December 2016 to October 2022 were
systematically searched in PubMed, Embase and Cochrane Library.
The search strategy was a combination of medical subject headings
and free text words. Following medical subject terms were used:
“Pancreatic Neoplasms,” “Red Meat” and “Meat Products.” Free text

» <«

words including “red meat*,” “beef;” “pork;” “lamb,” “mutton,” “veal,”

* <«

« . » o« o
pancreatic neoplasm*,” “Cancer of Pancreas;,” “pancreas cancer*;

% <

“pancreatic cancer*;” “Cancer of the Pancreas,” “diet*;” “food*” and
“processed meat” Moreover, we reviewed the reference lists from the
included articles and those from previous meta-analysis to identify

additional relevant studies.

Study selection

Studies were included in our meta-analysis when they meet the
following criteria:

1. Be a cohort or case—control study.

2. Provide the 95% confidence intervals and adjusted estimates of
the relative risk (RR) (or any statistical indicator to compute them like
hazard ratio, odds ratio or risk ratio) for red and/or processed meat of
pancreatic cancer incidence or mortality.

3. The study was published from December 2016 to July 2022.

4. The study was published in English. We considered “ham,”
“sausage,” “bacon,” “salami” and “hot dogs” as equivalent to “processed
meat” When there were multiple published reports from the same
study population, we chose the one with the largest population. For
studies that researched for more than 1 cohort, the data of each cohort
were selected (Supplementary Table S1) (4).
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Data extraction and quality assessment

Two investigators independently extracted the following data from
each study: the first author’s name, the year of publication, the country
where the study was performed, age of subjects, number of participants,
follow-up time, type of the meat and their consumption strategy,
adjusted RR/OR/HR with the corresponding 95% CI (highest to
lowest) and other influencing factors. When some studies gave the RR
values of processed red meat and unprocessed red meat, we extracted
unprocessed red meat as the data of red meat in that study. When a
study provided RR values for all age groups vs. people aged 50 years,
we extracted data for all age groups (Supplementary Table S1) (5).

The Newcastle-Ottawa Scale (NOS) was applied to assess the
study quality (6), which ranged from 1 to 9 stars. We considered
studies with NOS scores higher than 7 to be of high
methodologic quality.

Statistical analysis

Due to variations in the reporting methods of effect size and 95%
CI across studies, we estimated these values by comparing the highest
with the lowest consumption categories (e.g., quartile or quintile). For
simplicity, we use the term RR (relative risk) for all estimates in this
manuscript since hazard ratios in some cohort studies and odds ratios
in case—control studies are closely approximate relative risks (7, 8)
when pancreatic cancer incidence or mortality is low. The
corresponding RR for each study was assigned to the highest level of
red and processed meat intake within each category. In cases where
the highest category was open-ended, we considered it equivalent to
the adjacent interval. We employed a random effects model to
calculate RRs and 95% CI. To stabilize variance and standardize
distribution, RRs and their corresponding standard errors were
converted into natural logarithm and then the logarithm is removed
again to be reduced. To obtain a single RR from each study, RRs
were combined when separate relative risk estimates were provided
for populations that were over 60 or up to 60years old
(Supplementary Table S1; 9). The outcomes are presented as a forest
plot with 95% ClIs.

Q and I* statistics were used to evaluate statistical
heterogeneity among studies (10), when p<0.10 and I* > 50%, the
heterogeneity considered to be statistically significant. To
investigate other influencing factors for the association between
red or processed meat consumption and pancreatic cancer,
we conducted subgroup analyses by sex (men vs. women),
geographic area (USA vs. Italy), duration of follow-up (<20 years
vs. >20years) and adjustments for alcohol intake, smoking, BMI,
diabetes, family history pancreatic cancer, energy intake and
physical activity.

To evaluate the stability of the results, we performed sensitivity
analyses of statistically significant results, which were more stable if
the pooled effect size changed little and none of the 95% confidence
intervals crossed 1 after removing a single study.

We also used Egger’s regression asymmetry test (11) and Begg-
Mazumdar test (12) to assess publication bias, p<0.05 considered
statistically significant.

All statistical analyses were performed with STATA version 17.0
software (Stata Corporation, College Station, TX).
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The literature search generated 471 records, of which 109 were
considered potentially valuable ( ). Finally, a total of 7 articles
were included in the meta-analysis (6 cohorts and 2 case—controls)
and reported 12 separate data (7 red meat and 5 processed meat) on
the association between red or processed meat with pancreatic cancer

(> > 7> - )
Study characteristics

The characteristics of included studies are outlined in

. We included 8 studies that contained a total

of 7,158 pancreatic cancer cases from 805,177 participants. In eight
included studies, all of them were carried in HDI countries, including

10.3389/fnut.2023.1249407

six in USA and two in Italy. Seven of them consisted of men and
women, of only women in one study. There are four reported the
relationship between two types of meat with pancreatic cancer risk in
addition to three only reported the red meat and one only reported
the processed meat.

Red meat

Highest vs. lowest intake category

Seven cohort studies examined the relationship between red meat
consumption with pancreatic cancer risk. In the meta-analysis
comparing highest vs. lowest intake category, the summary RR for
pancreatic cancer risk was 1.07 (95%CI: 0.91-1.26) with statistically
significant heterogeneity observed (I* =49.5%, p =0.064) ( ).

88 from PubMed
9 from Cochrane library
374 from Embase

471 articles identified through database searching

134 duplicate studies excluded

A

337 records screened

228 excluded after title and abstract review
Case report/review
Systemic review/meta-analysis
Animal experiment
Ecological study

A

109 articles were considered for full-text review

A 4

102 excluded
3 duplicate study population
94 did not provide relevant RR/HR/OR or 95%ClI
4 were not cohort/case-control study
1 could not find the full text

\4

7 articles included in meta-analysis
6 cohort studies
1 case-control study

FIGURE 1
Flow chart of study selection.
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Risk %
Study Ratio (95% CI) Weight
Pulkit Taunk 2015 ——— 1.22 (1.01, 1.48) 23.04
Arbor J.L. Quist 2018 : 1.00 (0.47,1.85) 4.67
Marjorie L. McCullough 2017 —_—— E 0.82 (0.66, 1.02) 20.97
Jessica L. Petrick 2020 _—_—,— 1.01(0.63,1.61) 8.64
Alec J. Beaney 2016 ( g : 0.61 (0.25, 1.46) 2.98
Brian Z. Huang 2021(MEC) —— 1.18 (1.02, 1.37) 26.60
Brian Z. Huang 2021(SCCS) -— 1.31(0.93,1.86) 13.10
Overall (l-squared = 49.5%, p = 0.064) <> 1.07 (0.91, 1.26) 100.00
NOTE: Weights are from random effects analysis E
| I
.25 1 4
FIGURE 2
Forest plot of red meat consumption (highest versus lowest category) and pancreatic cancer risk.

Subgroup analysis

Subgroup analyses are shown in . In the subgroup analysis
by sex, the RRs were 1.10 (95% CI: 0.71-1.70) in men and 0.92 (95%
CI: 0.74-1.15) in women. In the subgroup analysis by geographic area,
the RRs were 1.11 (95% CI: 0.93-1.33) for the studies in the USA and
0.61 (95% CI: 0.25-1.46) for the studies in Italy. In the subgroup
analysis by duration of follow-up, the RRs were 1.18 (95% CI: 1.03—-
1.34) for those with more than 20years of follow-up. Moreover, RRs
were 1.19 (95% CI: 1.07-1.33) and 1.20 (95% CI: 1.05-1.37) for the
studies adjusted for alcohol intake and family history pancreatic
cancer, respectively. In other subgroup analyses, heterogeneity could
be observed, but in adjustments for physical activity, the finding
remained robust.

Sensitivity analysis and publication bias

In sensitivity analyses, the association between red meat
intake and pancreatic cancer risk was not significantly altered
after removing each single study ( ). The Egger’s test
(p=0.438) and Begg’s test (p =0.230) did not detect publication
bias ( ).

Processed meat

Highest vs. lowest intake category

Four cohort studies and one case—control study examined the
relationship between processed meat consumption with pancreatic
cancer risk. In the meta-analysis comparing highest vs. lowest intake
category, the summary RR for pancreatic cancer risk was 1.04 (95%CI:
0.81-1.33) with statistically significant heterogeneity observed
(I =72.0%, p=0.006) ( ).
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Subgroup analysis

Subgroup analyses are shown in . In the subgroup analysis
by sex, the RRs were 0.92 (95% CI: 0.69-1.23) in men and 0.92 (95%
CI: 0.74-1.14) in women. In the subgroup analysis by geographic area,
the RRs were 0.91 (95% CI: 0.77-1.07) for the studies in the USA and
1.45 (95% CI: 1.16-1.82) for the studies in Italy. In other subgroup
analyses, heterogeneity could be observed, but in adjustments for
alcohol intake, the finding remained robust.

Sensitivity analysis and publication bias
In sensitivity analyses, the association between processed meat
intake and pancreatic cancer risk was not significantly altered after
removing each single study ( ). After deleting the only one
) (16), the results
remained stable ( ). The Egger’s test (p=0.932) and Begg’s test

(p=0.806) did not detect publication bias ( ).

case—control study (

In our meta-analysis, we did not find any significant association
between the consumption of red meat or processed meat and the risk of
pancreatic cancer. However, subgroup analyses based on a limited
number of studies indicated a positive association between processed
meat consumption and pancreatic cancer incidence in Italy, while no
such relationship was observed in the USA. Additionally, alcohol intake
or family history of pancreatic cancer has been identified as independent
factors associated with an increased incidence of pancreatic cancer;
therefore, we adjusted our analysis to explore their influence.
Surprisingly, our results revealed a positive correlation between red meat
consumption and alcohol intake or family history of pancreatic cancer,
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TABLE 1 Summary relative ratio (RR) and 95% confidence intervals (95% CI) of highest vs. lowest category of red and processed meat consumption and
pancreatic cancer risk by subgroups.

Subgroups Red meat Processed meat
RR 12% P1 12% P2 RR 12% P1 12% P2
(95%Cl)  (within) (between) (95%Cl)  (within) (between)
1.07 (0.91- 1.04 (0.81-
All studies 7 1.26) 49.5 0.064 - - 5 1.33) 72 0.006 - -
Sex 62.7 0.045 0 0.443
1.10 (0.71- 0.92 (0.69—
Men 2 1.70) 80.9 0.022 2 1.23) 56.8 0.128
0.92 (0.74- 0.92 (0.74-
Women 2 1.15) 0 0.41 2 1.14) 0 0.557
Geographic
area 56.3 0.182 72 0.006
1.11 (0.93— 0.91 (0.77-
USA 6 1.33) 58.1 0.036 3 1.07) 23.8 0.269
0.61 (0.25— 1.45 (1.16-
Italy 1 1.46) - - 2 1.82) 0 0.873
Duration of
follow-up 44.6 0.094 72.5 0.006
0.95 (0.68- 0.95 (0.77-
<20years | 3 1.32) 74.6 0.02 3 1.18) 44.3 0.166
1.18 (1.03- 1.11 (0.61-
>20years 4 1.34) 0 0.803 2 2.02) 81 0.022
Adjustment for
alcohol intake 45.4 0.089 9.1 0.354
1.19 (1.07- 1.00 (0.85-
Yes 4 1.33) 0 0.841 3 1.17) 0 0.568
0.85 (0.69— 0.97 (0.59-
No 3 1.03) 0 0.535 2 1.58) 51.2 0.152
Adjustment for
smoking - = - -
1.08 (0.93— 0.95 (0.82—
Yes 7 1.25) 44.6 0.094 5 1.10) 16 0.313
No 0 - - - 0 _ - _
Adjustment for
BMI 45.4 0.089 72.4 0.006
Yes 6 1.11 (0.97- 36.7 0.162 4 1.01 (0.77- 78.2 0.003
1.27) 1.33)
No 1 0.59 (0.29- - - 1 1.42 (0.69- - -
1.19) 2.91)
Adjustment for - - 72.5 0.006
diabetes
Yes 7 1.08 (0.93- 44.6 0.094 4 0.93(0.78- 26.9 0.251
1.25) 1.11)
No 0 = = = 1 1.46 (1.15-
1.85)
Adjustment for 45.4 0.089 - -
family history
pancreatic
cancer

(Continued)
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TABLE 1 (Continued)

10.3389/fnut.2023.1249407

Subgroups Red meat Processed meat
RR 12% P1 12% P2 RR 12% P1 12% P2
(95%CI) = (within) (between) (95%Cl)  (within) (between)
Yes 2 1.20(1.05- 0 0.587 5  1.04(0.81- 72.4 0.006
1.37) 1.34)
No 5 0.98 (0.78- 50.1 0.091 0 - - -
1.23)
Adjustment for 44.6 0.094 725 0.006
energy intake
Yes 3 1.02 (0.73- 48.9 0.141 4 1.14 (0.86- 63.7 0.041
1.43) 1.50)
No 4 1.08 (0.88- 55.5 0.081 1 0.82 (0.66— - -
1.32) 1.02)
Adjustment for 42.1 0.11 73.3 0.005
physical activity
Yes 4 0.87 (0.73- 0 0.709 2 1.05 (0.54- 58 0.123
1.05) 2.03)
No 3 1.21 (1.08- 0 0.854 3 1.06 (0.78- 83.9 0.002
1.35) 1.45)
Meta-analysis estimates, given named study is omitted Egger's publication bias plot
| Lower CI Limit OEstimate | Upper CI Limit
Pulkit Taunk 2015 || o | 2 O O
O
Arbor J.L. Quist 2018 I |
Marjorie L. McCullough 2017 1o} 3
&
° o
Jessica L. Petrick 2020 | I 2
3 24 O
Alec J. Beaney 2016 | 1
Brian Z. Huang 2021(MEC)
41 T T T T
0 5 10 15
Brian Z. Huang 2021(SCCS) | O | precision
1
0.83 0.91 1.07 126 1.31 FIGURE 4
FIGURE 3 Egger’s test evaluating publication bias of red meat consumption and
Sensitivity analyses of red meat consumption and pancreatic cancer risk. pancreatic risk.

but no such relationship was found for processed meat. The subgroup
analyses conducted in this study were unable to fully account for
potential sources of interstudy heterogeneity, as statistically significant
differences in histological subtype, number of samples, or study quality
were not observed. In the sensitivity analysis of the literature on the
relationship between pancreatic cancer and processed meat, we included
one case control study due to its limited number (Supplementary Table S1)
(16). After re-performing the sensitivity analysis on the remaining
cohort studies, our results remained consistent and robust.

Our findings are consistent with those of numerous other meta-
analyses that have reached similar conclusions regarding the
association between red and processed meat consumption and
pancreatic cancer risk. For instance, Farvid et al. performed a
systematic review and meta-analysis of 148 prospective studies
published up to December 2020 to summarize the evidence on the
relationship between consumption of red meat (unprocessed),
processed meat, total red meat, processed meat, and the incidence of
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various cancers. By utilizing random-effects models to summarize
relative risks for the highest and lowest intake categories for each
exposure variable, they concluded that neither intake of red meat
alone (unprocessed) nor processed meat alone was associated with an
increased risk of pancreatic cancer (18). Han et al. in their dose-
response meta-analysis comprising 118 cohort studies reporting
associations between consumption of unprocessed red meat and
processed meat and mortality/incidence rates for six different cancers
including pancreatic cancer since April 2019, calculated pooled
relative risks (RR) along with corresponding 95% confidence intervals
(CI). Their analysis demonstrated that reducing weekly intake by three
servings per week had only a minimal absolute effect on cancer
mortality or incidence related to both red meat and processed meat
consumption (19). Zeraatkar et al., who included 14 randomized trials
comparing lower vs. higher intakes of either red or processed meat
among adults in terms of cardiovascular disease and cancer incidence
rates found that one randomized trial indicated a low red meat diet
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Risk %
Study Ratio (95% Cl) Weight
:
Pulkit Taunk 2015 —— 1.02 (0.85, 1.24) 26.72
:
Alec J. Beaney 2016 : * ) 137(065,288) 832
:
'
Marjorie L. McCullough 2017 —— : 0.82 (0.66, 1.02) 25.45
:
'
Jessica L. Petrick 2020 . . 0.79 (0.49, 1.25) 14.98
:
'
Valentina Rosato 2018 ! —— 1.46 (1.15, 1.85) 24.54
'
Overall (I-squared = 72.0%, p = 0.006) < ' 1.04 (0.81, 1.33) 100.00

NOTE: Weights are from random effects analysis

347

FIGURE 5

Forest plot of processed meat consumption (highest vs. lowest category) and pancreatic cancer risk.

2.88

Meta-analysis estimates, given named study is omitted

| Lower CI Limit OEstimate | Upper CI Limit
Pulkit Taunk 2015 o
Alec J. Beaney 2016 O
Marjorie L. McCullough 2017 o
Jessica L. Petrick 2020 | i
Valentina Rosato 2018 | (o} |
1
072 081 1.04 1.33 1.53
FIGURE 6

Sensitivity analyses of processed meat consumption and pancreatic
cancer risk (all studies).

Meta-analysis estimates, given named study is omitted

| Lower CI Limit OEstimate | Upper CI Limit
Pulkit Taunk 2015 |
Alec J. Beaney 2016 I |
Marjorie L. McCullough 2017 | |
Jessica L. Petrick 2020 [ |
1
0.70 0.79 0.92 1.09 1.19

FIGURE 7
Sensitivity analyses of processed meat consumption and pancreatic
cancer risk (all cohort studies).
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Begg's funnel plot with pseudo 95% confidence limits

Inrr
o
|
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o
e

2
s.e. of: Inrr

FIGURE 8
Begg's test evaluating publication bias of processed meat
consumption and pancreatic risk.

may have limited impact on pancreatic cancer risk specifically among
women (20). Additionally, Vernooij et al. found no statistically
significant risk of pancreatic cancer incidence for dietary patterns with
lower intake of red meat and processed meat (21).

However, most studies suggest that there is a biologically plausible
positive association between the consumption of red and processed
meat and pancreatic cancer. Several mechanisms have been proposed
to explain the potential role played by red and processed meat in
increasing pancreatic cancer risk. For instance, it is well-established that
red meat contains heme iron, which stimulates the production of
N-nitroso compounds (NOCs) by bacteria in the large intestine (22).
Moreover, red meat consumption promotes DNA adduct formation,
leading to epigenetic changes in DNA. On the other hand, processed
meat contains higher levels of nitrite/nitrate and sodium compared to
unprocessed meat (23), which further enhances NOCs production.
Additionally, cooking methods such as high-temperature frying, grilling
or smoking result in the formation of heterocyclic amines (HAAs) and
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polycyclic aromatic hydrocarbons (PAHs) (24). Animal studies have
demonstrated that these compounds may induce DNA adduct
formation and interfere with apoptosis processes, potentially promoting
carcinogenesis. Furthermore, both red and/or processed meats are rich
sources of saturated fat; animal experiments have shown that rats fed a
high-fat diet develop more pancreatic cancer compared to those on a
low-unsaturated fat diet (25, 26). Observational studies also support a
positive association between animal fat intake and pancreatic cancer
incidence (27). This could be attributed to excess saturated fat inducing
alterations in gut microbiota composition, thereby activating
proinflammatory pathways and leading to inflammation, which is
known as risk factors for cancer (28). Additionally, prolonged cooking
at high temperatures enhances the formation of N- (carboxymethyl)
lysine (CML) advanced glycation end products (CML AGEs) in food
(29). CML AGEs may lead to insulin resistance, oxidative stress, and
chronic inflammation (30-32). It is hypothesized that CML AGEs may
contribute to the development of pancreatic cancer by altering the
interstitial environment of tissues (33). Moreover, several persistent
organic pollutants (POPs) are commonly detected in meat, which are
carcinogenic. Studies suggest that consuming lamb or other POPs may
increase the risk of cancer (34). Lastly, red meat contains binding forms
of Nonhuman sialic acid N-glycolylneuraminic acid (Neu5Gc) and
methionine that can be incorporated into human tissues through
metabolism, leading to inflammation (35, 36). This mechanism could
potentially explain why consumption of red meat is associated with an
increased risk of pancreatic cancer.

Our study possesses several strengths. Firstly, our search strategy was
meticulously detailed. Secondly, it was conducted by two independent
reviewers for data selection and extraction, with consultation from a
third investigator in case of disagreements after discussion, thereby
minimizing bias and error. Thirdly, we have a substantial sample size that
allows for more robust conclusions regarding the association between
intake of red and processed meat and pancreatic cancer risk. Fourthly,
the studies included in this article were predominantly cohort studies
(with only one being a case—control study), which reduces the potential
for recall and selection biases. Lastly, subgroup analyses were performed
to investigate the sources of heterogeneity.

However, our study also has certain limitations. Firstly, the original
studies encompassed both cohort studies and case—control studies;
therefore recall bias, interviewer bias, and inaccurate measures of dietary
consumption in case—control studies may impact the outcomes
concerning processed meat consumption and pancreatic cancer risk.
Secondly, there might be selection bias within the study population as it
primarily focused on two high human development index (HDI)
countries, the United States and Italy, where a higher incidence of
pancreatic cancer is associated with a higher quality of life. Additionally,
individuals in these countries tend to consume more red and processed
meat compared to those in developing nations which could potentially
inflate associations observed. Moreover, some participants were
recruited from health care registries who generally exhibit greater
attention toward healthy living practices thus reducing correlations
between variables studied here. Thirdly, due to variations among original
studies regarding specific daily meat consumption details, the inclusion
criteria uniformly extracted highest and lowest levels of relative risk
(RR) intake. Fourthly, certain studies accounted for potential
confounding factors, including gender, alcohol consumption, smoking
habits, and body mass index (BMI), while others did not. Fifthly, it is
worth noting that our findings may have been influenced by imprecise
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measurements of meat intake in the original studies or variations in
meat cooking methods, which could have impacted the overall relative
risk estimation. Furthermore, since the original studies included in our
study employed different unit categories (e.g., portion size and time),
standardization was not feasible for extracting average values for red
meat or processed meat from each stud; thus preventing us from
conducting a dose-response analysis. We hope that future studies can
provide more detailed investigations into the dose-response relationship
between red/processed meat consumption and pancreatic cancer.

Conclusion

Our meta-analysis of cohort and case-control studies revealed no
significant association between red meat and processed meat
consumption and pancreatic cancer risk. However, considering the
dietary guidelines proposed by the NutriRECS consortium in 2019
(37) and conclusions drawn by other researchers, further investigations
are warranted to validate this relationship.

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

YaS and YuS designed the study. YuS contributed to the literature
database search, data collection, data extraction, data analysis, and
writing of the manuscript. XH performed the data extraction and
check of the results. All authors contributed to the article and
approved the submitted version.

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.2023.1249407/
full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fnut.2023.1249407
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2023.1249407/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2023.1249407/full#supplementary-material

Sun et al.

References

1. Sung H, Ferlay ], 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 ] Clin. (2021) 71:209-49. doi: 10.3322/caac.21660

2. Arnold M, Abnet CC, Neale RE, Vignat ], Giovannucci EL, McGlynn KA, et al.
Global burden of 5 major types of gastrointestinal cancer. Gastroenterology. (2020)
159:335-349.e15. doi: 10.1053/j.gastro.2020.02.068

3. Ferlay ], Partensky C, Bray F. More deaths from pancreatic cancer than breast cancer
in the EU by 2017. Acta Oncol. (2016) 55:1158-60. doi: 10.1080/0284186X.2016.1197419

4. Huang BZ, Wang S, Bogumil D, Wilkens LR, Wu L, Blot W], et al. Red meat
consumption, cooking mutagens, NAT1/2 genotypes and pancreatic cancer risk in two
ethnically diverse prospective cohorts. Int ] Cancer. (2021) 149:811-9. doi: 10.1002/
ijc.33598

5. Petrick JL, Castro-Webb N, Gerlovin H, Bethea TN, Li S, Ruiz-Narvdez EA, et al.
A prospective analysis of intake of red and processed meat in relation to pancreatic
cancer among African American women. Cancer Epidemiol Biomark Prev. (2020)
29:1775-83. doi: 10.1158/1055-9965.EPI-20-0048

6. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the
quality of nonrandomized studies in meta-analyses. Eur ] Epidemiol. (2010) 25:603-5.
doi: 10.1007/s10654-010-9491-z

7. Greenland S. Quantitative methods in the review of epidemiologic literature.
Epidemiol Rev. (1987) 9:1-30. doi: 10.1093/oxfordjournals.epirev.a036298

8. Egger M, Smith GD, Phillips AN. Meta-analysis: principles and procedures. BM]J.
(1997) 315:1533-7. doi: 10.1136/bmj.315.7121.1533

9. Beaney AJ, Banim PJR, Luben R, Lentjes MAH, Khaw KT, Hart AR. Higher meat
intake is positively associated with higher risk of developing pancreatic Cancer in an
age-dependent manner and are modified by plasma antioxidants: a prospective cohort
study (EPIC-Norfolk) using data from food diaries. Pancreas. (2017) 46:672-8. doi:
10.1097/MPA.0000000000000819

10. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med.
(2002) 21:1539-58. doi: 10.1002/sim.1186

11. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected
by a simple, graphical test. BMJ. (1997) 315:629-34. doi: 10.1136/bmj.315.7109.629

12. Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for
publication bias. Biometrics. (1994) 50:1088-101. doi: 10.2307/2533446

13. Taunk P, Hecht E, Stolzenberg-Solomon R. Are meat and heme iron intake
associated with pancreatic cancer? Results from the NIH-AARP diet and health cohort.
Int J Cancer. (2016) 138:2172-89. doi: 10.1002/ijc.29964

14. Quist AJL, Inoue-Choi M, Weyer PJ, Anderson KE, Cantor KP, Krasner §, et al.
Ingested nitrate and nitrite, disinfection by-products, and pancreatic cancer risk in
postmenopausal women. Int ] Cancer. (2018) 142:251-61. doi: 10.1002/ijc.31055

15. McCullough ML, Jacobs EJ, Shah R, Campbell PT, Wang Y, Hartman TJ, et al. Meat
consumption and pancreatic cancer risk among men and women in the cancer
prevention study-II nutrition cohort. Cancer Causes Control. (2018) 29:125-33. doi:
10.1007/s10552-017-0984-x

16. Rosato V, Kawakita D, Negri E, Serraino D, Garavello W, Montella M, et al.
Processed meat and risk of selected digestive tract and laryngeal cancers. Eur J Clin Nutr.
(2019) 73:141-9. doi: 10.1038/s41430-018-0153-7

17. Li D, Tang H, Wei P, Zheng J, Daniel CR, Hassan MM. Vitamin C and vitamin E
mitigate the risk of pancreatic ductal adenocarcinoma from meat-derived mutagen exposure
in adults in a case-control study. J Nutr. (2019) 149:1443-50. doi: 10.1093/jn/nxz081

18. Farvid MS, Sidahmed E, Spence ND, Mante Angua K, Rosner BA, Barnett JB.
Consumption of red meat and processed meat and cancer incidence: a systematic review
and meta-analysis of prospective studies. Eur J Epidemiol. (2021) 36:937-51. doi:
10.1007/s10654-021-00741-9

19. Han MA, Zeraatkar D, Guyatt GH, Vernooij RWM, El Dib R, Zhang Y, et al.
Reduction of red and processed meat intake and Cancer mortality and incidence: a
systematic review and Meta-analysis of cohort studies. Ann Intern Med. (2019)
171:711-20. doi: 10.7326/M19-0699

Frontiers in Nutrition

09

10.3389/fnut.2023.1249407

20. Zeraatkar D, Johnston BC, Bartoszko J, Cheung K, Bala MM, Valli C, et al. Effect of
lower versus higher red meat intake on cardiometabolic and cancer outcomes: a systematic
review of randomized trials. Ann Intern Med. (2019) 171:721-31. doi: 10.7326/M19-0622

21. Vernooij RWM, Zeraatkar D, Han MA, El Dib R, Zworth M, Milio K, et al. Patterns
of red and processed meat consumption and risk for cardiometabolic and cancer
outcomes: a systematic review and Meta-analysis of cohort studies. Ann Intern Med.
(2019) 171:732-41. doi: 10.7326/M19-1583

22.O'Callaghan NJ, Toden S, Bird AR, Topping DL, Fenech M, Conlon MA.
Colonocyte telomere shortening is greater with dietary red meat than white meat and is
attenuated by resistant starch. Clin Nutr. (2012) 31:60-4. doi: 10.1016/j.cInu.2011.09.003

23. Mills E. Additives In: WK Jensen, editor. Encyclopedia of meat sciences. Oxford:
Elsevier (2004). 1-6.

24.Sugimura T, Wakabayashi K, Nakagama H, Nagao M. Heterocyclic amines:
mutagens/carcinogens produced during cooking of meat and fish. Cancer Sci. (2004)
95:290-9. doi: 10.1111/j.1349-7006.2004.tb03205.x

25. Appel M]J, Meijers M, Van Garderen-Hoetmer A, Lamers CB, Rovati LC, Sprij-
Mooij D, et al. Role of cholecystokinin in dietary fat-promoted azaserine-induced
pancreatic carcinogenesis in rats. Br | Cancer. (1992) 66:46-50. doi: 10.1038/
bjc.1992.214

26.Guo T, Gupta A, Iyengar P, Infante R. Lifr-A/Jak/stat 3-dependent adipocyte
inflammation induces lipolysis and anorexia contributing to gastrointestinal Cancer
Cachexia. Gastroenterology. (2021) 160:14-5. doi: 10.1016/S0016-5085(21)00786-1

27. Miroslaw ], Ewa R, Wlodzimierz S. Fat consumption and selected gastrointestinal
cancers morbidity rates in Poland in the years 1960-2014. Ann Oncol. (2017) 28:iii22.
doi: 10.1093/annonc/mdx261.033

28. Morales M, Xue X. Targeting iron metabolism in cancer therapy. Theranostics.
(2021) 11:8412-29. doi: 10.7150/thno.59092

29. Uribarri J, Woodruff S, Goodman S, Cai W, Chen X, Pyzik R, et al. Advanced
glycation end products in foods and a practical guide to their reduction in the diet.
Am Diet Assoc. (2010) 110:911-16.e12. doi: 10.1016/j.jada.2010.03.018

30. Uribarri J, Cai W, Sandu O, Peppa M, Goldberg T, Vlassara H. Diet-derived
advanced glycation end products are major contributors to the body's AGE pool and
induce inflammation in healthy subjects. Ann N'Y Acad Sci. (2005) 1043:461-6. doi:
10.1196/annals.1333.052

31. Ramasamy R, Vannucci SJ, Yan SS, Herold K, Yan SE Schmidt AM. Advanced
glycation end products and RAGE: a common thread in aging, diabetes, neurodegeneration,
and inflammation. Glycobiology. (2005) 15:16R-28R. doi: 10.1093/glycob/cwi053

32. Uribarri J, Cai W, Peppa M, Goodman S, Ferrucci L, Striker G, et al. Circulating
glycotoxins and dietary advanced glycation endproducts: two links to inflammatory
response, oxidative stress, and aging. ] Gerontol A Biol Sci Med Sci. (2007) 62:427-33.
doi: 10.1093/gerona/62.4.427

33. Jiao L, Stolzenberg-Solomon R, Zimmerman TP, Duan Z, Chen L, Kahle L, et al.
Dietary consumption of advanced glycation end products and pancreatic cancer in the
prospective NIH-AARP diet and health study. Am J Clin Nutr. (2015) 101:126-34. doi:
10.3945/ajcn.114.098061

34, Hernandez AR, Boada LD, Mendoza Z, Ruiz-Suarez N, Valerén PF, Camacho M,
et al. Consumption of organic meat does not diminish the carcinogenic potential
associated with the intake of persistent organic pollutants (POPs). Environ Sci Pollut Res
Int. (2017) 24:4261-73. doi: 10.1007/s11356-015-4477-8

35. Samraj AN, Pearce OM, Laubli H, Crittenden AN, Bergfeld AK, Banda K, et al. A
red meat-derived glycan promotes inflammation and cancer progression. Proc Natl Acad
Sci US A. (2015) 112:542-7. doi: 10.1073/pnas.1417508112

36. Chaturvedi P, Kamat PK, Kalani A, Familtseva A, Tyagi SC. High methionine diet
poses cardiac threat: a molecular insight. J Cell Physiol. (2016) 231:1554-61. doi:
10.1002/jcp.25247

37.Johnston BC, Zeraatkar D, Han MA, Vernooij RWM, Valli C, El Dib R, et al.
Unprocessed red meat and processed meat consumption: dietary guideline
recommendations from the nutritional recommendations (NutriRECS) consortium.
Ann Intern Med. (2019) 171:756-64. doi: 10.7326/M19-1621

frontiersin.org


https://doi.org/10.3389/fnut.2023.1249407
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.3322/caac.21660
https://doi.org/10.1053/j.gastro.2020.02.068
https://doi.org/10.1080/0284186X.2016.1197419
https://doi.org/10.1002/ijc.33598
https://doi.org/10.1002/ijc.33598
https://doi.org/10.1158/1055-9965.EPI-20-0048
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1093/oxfordjournals.epirev.a036298
https://doi.org/10.1136/bmj.315.7121.1533
https://doi.org/10.1097/MPA.0000000000000819
https://doi.org/10.1002/sim.1186
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.2307/2533446
https://doi.org/10.1002/ijc.29964
https://doi.org/10.1002/ijc.31055
https://doi.org/10.1007/s10552-017-0984-x
https://doi.org/10.1038/s41430-018-0153-7
https://doi.org/10.1093/jn/nxz081
https://doi.org/10.1007/s10654-021-00741-9
https://doi.org/10.7326/M19-0699
https://doi.org/10.7326/M19-0622
https://doi.org/10.7326/M19-1583
https://doi.org/10.1016/j.clnu.2011.09.003
https://doi.org/10.1111/j.1349-7006.2004.tb03205.x
https://doi.org/10.1038/bjc.1992.214
https://doi.org/10.1038/bjc.1992.214
https://doi.org/10.1016/S0016-5085(21)00786-1
https://doi.org/10.1093/annonc/mdx261.033
https://doi.org/10.7150/thno.59092
https://doi.org/10.1016/j.jada.2010.03.018
https://doi.org/10.1196/annals.1333.052
https://doi.org/10.1093/glycob/cwi053
https://doi.org/10.1093/gerona/62.4.427
https://doi.org/10.3945/ajcn.114.098061
https://doi.org/10.1007/s11356-015-4477-8
https://doi.org/10.1073/pnas.1417508112
https://doi.org/10.1002/jcp.25247
https://doi.org/10.7326/M19-1621

	Red and processed meat and pancreatic cancer risk: a meta-analysis
	Introduction
	Methods
	Search strategy
	Study selection
	Data extraction and quality assessment
	Statistical analysis

	Results
	Study characteristics
	Red meat
	Highest vs. lowest intake category
	Subgroup analysis
	Sensitivity analysis and publication bias
	Processed meat
	Highest vs. lowest intake category
	Subgroup analysis
	Sensitivity analysis and publication bias

	Discussion
	Conclusion
	Data availability statement
	Author contributions

	References

