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Abstract

:

Based on a large volume of observational scientific studies and many summary papers, a high consumption of meat and processed meat products has been suggested to have a harmful effect on human health. These results have led guideline panels worldwide to recommend to the general population a reduced consumption of processed meat and meat products, with the overarching aim of lowering disease risk, especially of cancer. We revisited and updated the evidence base, evaluating the methodological quality and the certainty of estimates in the published systematic reviews and meta-analyses that examined the association between processed meat consumption and the risk of cancer at different sites across the body, as well as the overall risk of cancer mortality. We further explored if discrepancies in study designs and risks of bias could explain the heterogeneity observed in meta-analyses. In summary, there are severe methodological limitations to the majority of the previously published systematic reviews and meta-analyses that examined the consumption of processed meat and the risk of cancer. Many lacked the proper assessment of the methodological quality of the primary studies they included, or the literature searches did not fulfill the methodological standards needed in order to be systematic and transparent. The primary studies included in the reviews had a potential risk for the misclassification of exposure, a serious risk of bias due to confounding, a moderate to serious risk of bias due to missing data, and/or a moderate to serious risk of selection of the reported results. All these factors may have potentially led to the overestimation of the risk related to processed meat intake across all cancer outcomes. Thus, with the aim of lowering the risk of cancer, the recommendation to reduce the consumption of processed meat and meat products in the general population seems to be based on evidence that is not methodologically strong.
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1. Introduction


Both the production and consumption of red meat and preserved or processed meat products (defined as meats that have undergone changes, i.e., salting, curing, smoking, or adding chemical preservatives) have been rapidly increasing over recent decades, most significantly in emerging economies [1]. In addition to total energy intake, meat is an essential source of protein, fat and fatty acids, and essential micronutrients, for example, heme iron, selenium, choline, vitamin B6, thiamine, niacin, and riboflavin. However, due to several components that arise from the processes of cooking or processing meat, such as polycyclic aromatic hydrocarbons, advanced glycation end products, and heterocyclic amines, as well as sodium/salt, nitrite, nitrate, and nitrosamines, a high consumption of meat and processed meat products has been suggested to have severe detrimental effects on the health of humans, including the risk of cancer [2].



Under the auspices of the World Health Organization [3], the International Agency for Research on Cancer (IARC), an independent cancer agency, has been coordinating with the European Commission to prepare the European Code Against Cancer, which includes 12 ways to reduce cancer risk [4]. In an effort to inform the public about reducing cancer risk, the 2012–2013 edition of the code recommended avoiding processed meat while also limiting the consumption of red meat and foods high in salt. In 2018, IARC summarized that there is now “sufficient evidence in humans for the carcinogenicity of consumption of processed meat. Consumption of processed meat causes cancer of the colorectum. Positive associations have been observed between consumption of processed meat and cancer of the stomach” [5]. The IARC Monograph also included a statement that red meat consumption was “probably carcinogenic” because bias and confounding could not be ruled out, yet failed to acknowledge that the same studies, and usually the same publications, reported on both red and processed meat intake with identical methods. Therefore, the processed meat studies must have been subject to the same limiting factors. The World Cancer Research Fund (WCRF), which included some of the same members from the IARC working group, also reported in an update to the WCFR evidence paper that a high intake of processed meat was associated with a high risk of colorectal cancer (CRC) [6]. The latest U.S. Dietary Guidelines for Americans (DGA), released in late 2020, does not include a top-level recommendation to reduce red or processed meats, yet the DGA has long focused on choosing “lean meat” due to its lower saturated fat content. In 2015, the DGA began to focus on dietary patterns rather than nutrient-based recommendations [7], and the current 2020–2025 DGA [8] states several times that “common characteristics of dietary patterns associated with positive health outcomes” include a ”relatively lower consumption of red and processed meats”. The systematic reviews for the 2020 DGA [9] concluded that there was “moderate” evidence for recommending one of the DGA’s three “healthy dietary patterns” to protect against breast and colorectal cancer and “limited” evidence for protecting against lung and prostate cancer. The “moderate” conclusions for breast and colorectal cancer are based on reviews that cite 1–2 randomized controlled clinical trials (RCTs) [10,11,12]. Systematic reviews that specifically analyze the effects of red and processed meat and cancer outcomes have never been conducted for the U.S. DGA [13]. Reviews have instead looked collectively at “animal protein products”, including eggs, fish, and dairy, and, therefore, have not isolated the health effects of red or processed meat. Similarly, dietary guidelines in Europe, that is, the United Kingdom [14] and Scandinavia [15], also recommend that the intake of both red and processed meats should be limited.



To date, few reviews report only relative effects of red and processed meat on cancer outcomes, and few reviews—if any—report absolute effects. While relative effects for red and processed meat may be positive and statistically significant, absolute effects are small (less than 1%) [16]. Further, dietary guidelines rarely, if ever, consider public values and preferences. Thus, while reductions in meat consumption are clearly advisable for sustainability and environmental concerns, public willingness to modify red and processed meat consumption may be less likely based on small and uncertain health effects [16].




2. Methodological Limitations of Systematic Reviews on Processed Meat and the Risk of Cancer


Until now, there have been few randomized trials that have investigated the consumption of red meat and the risk of colon cancer, as recently reviewed by Johnston and colleagues [17]. Similarly, only two trials have examined the effect of different dietary patterns on cancer risk, only one of which was red meat intake [10,18], and both of which showed significant reductions in meat did not change cancer risk [10,18]. On the other hand, there is a large volume of observational studies, in total, 31 prospective cohort studies that include data from 3.5 million participants [17] and many more case-control studies that have examined if cancer patients recalled a different previous processed meat intake than non-cancer cases. There are more than one hundred summary papers that have reviewed and performed meta-analyses based on these primary studies [19], which exceeds the number of original studies by far.



In a recent overview published in 2019 [19], we conducted a thorough, systematic assessment of the general methodological quality of these systematic reviews of processed meat only using the AMSTAR criteria [20,21]. AMSTAR stands for A MeaSurement Tool to Assess Systematic Reviews. This is a valid, reliable, and widely used measurement instrument that helps researchers differentiate between systematic reviews, focusing on their methodological quality. The quality can be categorized as high, moderate, or low.



We used the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) approach [22] to assess the strength of recommendation in order to evaluate the certainty of the estimates of individual outcomes from the published systematic reviews and meta-analyses [19] on processed meat consumption and the risk of chronic disease morbidity and mortality, including cancer at different sites across the body, as well as the overall risk of cancer mortality. GRADE provides a reproducible and transparent framework for grading the certainty of evidence with four levels of certainty: very low, low, moderate, and high. For each of GRADE’s five domains assessed for each study (risk of bias, imprecision, inconsistency, indirectness, and publication bias), the review authors have the option of decreasing their level of certainty by one or two levels. For observational studies, there is also the possibility of increasing the level of certainty by one or two levels if there is a large magnitude of effect, a strong dose-response gradient, or plausibility that residual confounding would further support inferences regarding an effect. We further explored if discrepancies in study designs and risks of bias could explain the heterogeneity observed in meta-analyses.



Studies had to comply with the following two main quality requirements (two of the items in AMSTAR) to be included in our review [19]: (1) they must have documented a quality assessment of the primary studies, with no restriction on the quality assessment tool, and (2) they must have performed a comprehensive literature search, defined as a search performed in at least two databases relevant to the research question. More than 100 reviews were excluded because they had not performed a quality assessment on the primary studies included in the review. In total, only 22 of 130 reviews and meta-analyses met these two basic criteria and were subsequently included in our overview of reviews. Of the 22 reviews, 19 reported on cancer outcomes (the other outcomes were type 2 diabetes and cardiovascular disease). According to our AMSTAR evaluation, these 19 cancer reviews were generally only of moderate methodological quality, and the methodological quality in the reviews do not improve with time (Figure 1), despite several attempts to improve the reporting of systematic reviews and meta-analyses already in the 2000s, for instance, with AMSTAR [20,21], Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [23], and GRADE [22].



The main identified methodological shortcomings were (1) a lack of a reference to a predetermined/a priori published research objective, that is, a protocol or an ethics approval, which, according to AMSTAR, indicates a high risk of selectively reported results; (2) incomprehensive literature searches, which indicates a high risk of overlooking relevant literature; (3) not considering the scientific quality of the evidence in formulating the conclusions, which indicates a high risk of emphasizing results from weak study designs; (4) not reporting the conflicts of interest of the authors of the reviews as well as those of the original included primary studies.



Our results indicate that all the reviews and meta-results that were based on case-control studies (Figure 1), which, by their nature, are retrospective and are, therefore, prone to the misclassification of exposure in relation to processed meat consumption, were likely to overestimate the risk of having cancer. A high consumption of processed meat was generally associated with a risk of cancer in the digestive system, including the esophagus, stomach, colorectum, and pancreas, but the results differed greatly according to whether they came from case-control or cohort studies. Generally, cancer risk seemed to be higher in case-control studies than in cohort studies, which may suggest that the better prospective study designs generally gave less evidence for an association. Due to the well-known methodological limitations of case-control studies, such as information bias, and the established fact that people are not able to remember accurately what they have eaten in the past, results based on case-control studies should be interpreted cautiously. The findings for an association between processed meat intake and cancer of the digestive system spanned from a higher risk of approximately 30–70% in the case-control studies [24,25,26,27,28,29], to a very modest or no association in the results of the meta-analyses that exclusively examined cohort studies [24,25,26,27,28,29,30].



For other cancers, often only case-control studies were available. For instance, the risk of cancer of the oral cavity and oropharynx was 91% higher among the cases that reported having had a higher consumption of processed meat compared to controls [31]. The results of this meta-analysis included nine case-control studies (cases: n = 4104, controls: n = 501,730).



For head and neck cancer (nasopharyngeal carcinoma), the risk was 46% higher among cases with a processed meat intake below 30 g/week compared to those who reported never eating processed meat [32]. These meta-analysis results were based on 13 case-control studies, including 5849 cases and 12,735 controls.



Only a modestly higher risk among high compared to low consumers of processed meat was seen in relation to non-Hodgkin lymphoma (17%), renal cell carcinoma (13%), and overall cancer mortality (13%). For non-Hodgkin lymphoma and renal cell carcinoma, the results were based on a mixture of case-control and cohort studies, while overall cancer mortality was based solely on cohort studies. Processed meat consumption did not seem to be associated with cancer in the liver, brain (glioma), ovaries, or lung [33,34,35,36,37].




3. Methodological Limitations of the Primary Studies on Processed Meat and Cancer


In 2020 [38], we performed a meta-analysis in which we investigated the association between processed meat and the risk of CRC, colon, and rectal cancer, and we thoroughly evaluated the quality of the original studies. The quality assessment was undertaken using Cochrane’s Risk Of Bias In Non-randomized Studies of Interventions (ROBINS-I) assessment tool [39], by which the risk of bias is assessed within seven different areas of methods applied to observational studies and is an instrument similar to the one scientists use when evaluating the risk of bias in clinical trials. Such an evaluation provided us with new insights into the internal validity of the reviews and meta-analyses included in our overview of reviews [19]. For the meta-analysis [38], we included 29 observational prospective cohort studies conducted from 1990 to 2015 in Europe, Australia, Asia, and North America. The results are similar to previously reported estimates from meta-analyses of cohort studies [28,40,41,42,43,44,45,46,47], with a 13% higher risk of CRC, a 19% higher risk of colon cancer, and a 21% higher risk of rectal cancer among those with the highest processed meat intake. We concluded that due to the risk of bias, especially from confounding and missing data and selective outcome reporting, the possibility could not be excluded that these associations were distorted and could be either over- or underestimated [38].



Using the GRADE approach, we concluded that the overall certainty for the body of evidence examining the association between processed meat and cancer was very low across all individual cancer outcomes, meaning that the true effect could be markedly different from the estimated effect [19,38]. Our reason for rating down our certainty in these studies was due to the serious risk of bias (issues regarding confounding, missing data, and the risk of selection of the reported results were not sufficiently addressed), serious imprecision due to wide confidence intervals, and serious inconsistency due to unexplained variability between the included studies (so-called heterogeneity) [19,38]. Indirectness or publication bias were not issues in this research field [19,38].



The rationale for the GRADE evaluation (very low certainty of the effect estimates) was, first, that the results were based exclusively on observational studies, many of which were of retrospective case-control design, and which, by default, are considered low quality in the GRADE approach. Theoretically, observational studies can be upgraded to moderate quality if there is a large effect size or a strong dose-response relationship, but these criteria were not met for any of the included results.



Secondly, we considered whether the exposure (processed meat) was measured accurately. Using our updated meta-analysis of CRC as an illustration of what we assume is representative across cancer outcomes [38], we could see that the definition of processed meat varied greatly among studies. Processed meat was either classified by referring to the preservation methodology, by listing individual food items, or with no further definition. In addition, processed meat was often ascertained using validated food frequency questionnaires (FFQ). In general, FFQs perform almost as well as 7-day weighed diet records [48], and although they have some advantages because they can be administered repeatedly during follow-up to account for changes in diet over time, they are like other diet instruments prone to some misclassification. While it is possible that FFQs do not give reliable results over multiple administrations, repeated applications of FFQs are rarely done, and the results from the few studies that have done so suggest that the diet is not stable over time [49,50]. FFQ data are further challenged when subjects are required to recollect their food consumption from up to 10 years ago [51] with the use of an incomplete food list, the inability to give complete information on portion sizes, the inability to give complete information on cooking practices, and so forth. [38].



Third, because assignment to high or low processed meat consumption is not random, as it would be in trials, we considered if there had been appropriate control for confounding (factors that both influence processed meat intake and cancer outcomes, such as age, sex, family history of CRC, BMI/overweight, energy intake, alcohol, and smoking), including those that are unmeasured or might involve time-varying confounding. Even in the most well-conducted prospective observational studies, unobserved or residual confounding can still be present, and known confounders may still be measured imprecisely and/or using non-validated methods. In our updated meta-analysis on CRC [38], all but two of the eligible studies failed to control for age, sex, family history of CRC, BMI/overweight, energy intake, alcohol, and smoking. These were the prespecified confounders for which the eligible studies were obliged to control in order to receive a low risk of bias in the ROBINS-I tool. This problem was commented on by Gong et al. (2020) [52] in response to the recent Guideline to recommending on unprocessed red meat and processed meat consumption by Johnston and colleagues [17], in which Gong et al. calculated a so-called E-value analysis to demonstrate how strong any unmeasured confounding would have needed to be to negate the observed results. For all outcomes assessed, including CRC, none had an E-value upper confidence interval greater than 2.5, implying that an unobserved confounder is 2.5 times more likely to be associated with the studies on cancer type. This means that the suggested association between processed meat consumption and adverse cancer outcomes does not seem very robust and may potentially not be causal because it is highly possible that the observed association would be nullified if the unobserved confounder had been included in the statistical model.



Finally, considering the loss to follow-up (the risk of bias associated with missing data) and selective outcome reporting, our updated meta-analysis of CRC indicated that 75% of the eligible studies had a moderate to serious risk of missing data, and about half of the studies had issues with bias in the selection of the reported results.



Limitations to the GRADE approach in evidence of diet and health, such as processed red meat and cancer, have been proposed by Qian et al. [53]. Since it may be infeasible to conduct informative (long-term) randomized trials ensuring blinding or to show strong dose-response relationships, the conclusion of low certainty evidence may be inevitable [53]. Instead, Qian et al. suggested that observational studies should be upgraded if they fulfill several of the ten Bradford Hill criteria: strong association/effect, consistent findings, temporality (cause precedes effect), dose–response relationship, plausibility, coherence between epidemiological and laboratory findings, reversibility (if the cause is deleted then the effect would disappear as well), experiment (experimental evidence enhances the probability of causation), and analogy (existing similar associations would support causation). However, most of the Bradford Hill criteria are already embedded in GRADE, as described by Schünemann et al. more than a decade ago [54]. We do acknowledge that the different types of study designs within observational studies are not well captured in the rating by GRADE. Therefore, considerations about what type of study designs that best address the research question should be given high priority in the initial phases of conducting a systematic review [55]. In summary, there are severe methodological limitations to the majority of the previously published systematic reviews and meta-analyses linking processed meat to cancer risk. They generally lacked a proper risk of bias assessment of the primary studies included, and it seemed that the literature searches may have been selective in some instances. In the primary studies, there were potential consequences for the misclassification of exposure, a serious risk of bias due to confounding, a moderate to serious risk of bias due to missing data, and a moderate to serious risk of selection of the reported results, all of which may have led to the overestimation of associations with all cancer outcomes. Hence, the findings of a causal relationship between processed meat and cancer in both reviews and primary studies are suspected to be associated with uncertainty [19,38]. This finding is supported by the recent results from Johnston et al. [17], whose systematic review was also based on GRADE and reached a similar conclusion and provided new guidelines for the intake of processed meat.



Thus, the recommendation to reduce the consumption of processed meat and meat products to protect against cancer in the general population does not seem to be convincingly substantiated on the evidence that is methodologically strong. Clearly, there is still a lack of randomized trials evaluating the effect of lowering processed meat intake, and while such trials may be infeasible, cohort studies do not lend strong support for an association.







Author Contributions


Conceptualization, M.N.H., J.F.R., R.J. and B.L.H.; methodology, M.N.H., J.F.R., R.J. and B.L.H.; software, not applicable; validation, M.N.H., J.F.R., R.J. and B.L.H.; formal analysis, M.N.H., J.F.R., R.J. and B.L.H.; investigation, M.N.H., J.F.R., R.J. and B.L.H.; resources, M.N.H., J.F.R., R.J. and B.L.H.; data curation, M.N.H., J.F.R., R.J. and B.L.H.; writing---original draft preparation, M.N.H., J.F.R., R.J. and B.L.H.; writing---review and editing, M.N.H., J.F.R., R.J. and B.L.H.; visualization, M.N.H., J.F.R., R.J. and B.L.H.; supervision, not applicable; project administration, M.N.H.; funding acquisition, M.N.H., J.F.R., R.J. and B.L.H. All authors have read and agreed to the published version of the manuscript.




Funding


The Parker Institute at Bispebjerg and Frederiksberg Hospital was supported by a core grant from the Oak Foundation (OCAY-13-309).




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Data is available upon request.




Acknowledgments


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.




References


	



Micha, R.; Khatibzadeh, S.; Shi, P.; Andrews, K.G.; Engell, R.E.; Mozaffarian, D. Global, regional and national consumption of major food groups in 1990 and 2010: A systematic analysis including 266 country-specific nutrition surveys worldwide. BMJ Open 2015, 5, e008705. [Google Scholar] [CrossRef] [PubMed]

	



Mejborn, H.; Biltoft-Jensen, A.; Hansen, M.; Licht, T.R.; Olesen, P.T.; Sørensen, I.K. Mechanisms behind Cancer Risks Associated with Consumption of Red and Processed Meat; National Food Institute, Technical Unicersity of Denmark: Søborg, Denmark, 2016. [Google Scholar]

	



World Health Organization. Diet, Nutrition and the Prevention of Chronic Diseases: Report of a Joint WHO/FAO Expert Consultation; World Health Organization: Geneva, Switzerland, 2003. [Google Scholar]

	



European Code against Cancer: IARC/WHO. 2017. Available online: https://cancer-code-europe.iarc.fr/index.php/en (accessed on 13 October 2021).

	



International Agency for Research on Cancer. Red Meat and Processed Meat. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans; Report No.; International Agency for Research on Cancer: Lyon, France, 2018; Volume 114. [Google Scholar]

	



Vieira, A.; Abar, L.; Chan, D.; Vingeliene, S.; Polemiti, E.; Stevens, C.; Greenwood, D.; Norat, T. Foods and beverages and colorectal cancer risk: A systematic review and meta-analysis of cohort studies, an update of the evidence of the WCRF-AICR Continuous Update Project. Ann. Oncol. 2017, 28, 1788–1802. [Google Scholar] [CrossRef] [PubMed]

	



U.S. Department of Health and Human Services and U.S. Department of Agriculture. 2015–2020 Dietary Guidelines for Americans, 8th ed.; U.S. Department of Health and Human Services and U.S. Department of Agriculture: Washington, DC, USA, 2015. Available online: http://health.gov/dietaryguidelines/2015/guidelines/ (accessed on 13 October 2021).

	



U.S. Department of Agriculture; U.S. Department of Health and Human Services. Dietary Guidelines for Americans, 2020–2025, 9th ed.; U.S. Department of Health and Human Services: Washington, DC, USA; U.S. Department of Agriculture: Washington, DC, USA, 2020. Available online: DietaryGuidelines.gov (accessed on 13 October 2021).

	



U.S. Department of Agriculture and U.S. Department of Health and Human Services. The Dietary Patterns Subcomittee. Nutrition Evidence Systrematic Review: What Is the Relationship between Dietary Patterns Consumed and Risk of Certain Types of Cancer? 2021. Available online: https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews/dietary-patterns-subcommittee/dietary-patterns-cancer (accessed on 13 October 2021).

	



Beresford, S.A.; Johnson, K.C.; Ritenbaugh, C.; Lasser, N.L.; Snetselaar, L.G.; Black, H.R.; Anderson, G.T.; Assaf, A.R.; Bassford, T.; Bowen, D.; et al. Low-fat dietary pattern and risk of colorectal cancer: The Women’s Health Initiative Randomized Controlled Dietary Modification Trial. JAMA 2006, 295, 643–654. [Google Scholar] [CrossRef] [PubMed]

	



Prentice, R.L.; Caan, B.; Chlebowski, R.T.; Patterson, R.; Kuller, L.H.; Ockene, J.K.; Margolis, K.L.; Limacher, M.C.; Manson, J.E.; Parker, L.M.; et al. Low-fat dietary pattern and risk of invasive breast cancer: The Women’s Health Initiative Randomized Controlled Dietary Modification Trial. JAMA 2006, 295, 629–642. [Google Scholar] [CrossRef] [PubMed]

	



Estruch, R.; Ros, E.; Salas-Salvado, J.; Covas, M.I.; Corella, D.; Aros, F.; Gómez-Gracia, E.; Ruiz-Gutiérrez, V.; Fiol, M.; Lapetra, J.; et al. Primary prevention of cardiovascular disease with a Mediterranean diet. N. Engl. J. Med. 2013, 368, 1279–1290. [Google Scholar] [CrossRef]

	



Teicholz, N. The scientific report guiding the US dietary guidelines: Is it scientific? BMJ 2015, 351, h4962. [Google Scholar] [CrossRef] [PubMed]

	



Public Health England. The Eatwell Guide; Public Health England: London, UK, 2016.

	



Nordisk, M. Nordic Nutrition Recommendations 2012: Integrating Nutrition and Physical Activity, 5th ed.; Nordic Council of Ministers: Copenhagen, Denmark, 2014. [Google Scholar]

	



Johnston, B.C.; Guyatt, G.H. Causal inference, interpreting and communicating results on red and processed meat. Am. J. Clin. Nutr. 2020, 111, 1107–1108. [Google Scholar] [CrossRef]

	



Johnston, B.C.; Zeraatkar, D.; Han, M.A.; Vernooij, R.W.; Valli, C.; El Dib, R.; Marshall, C.; Stover, P.J.; Fairweather-Taitt, S.; Wójcik, G.; et al. Unprocessed Red Meat and Processed Meat Consumption: Dietary Guideline Recommendations From the Nutritional Recommendations (NutriRECS) Consortium. Ann. Intern. Med. 2019, 171, 756–764. [Google Scholar] [CrossRef]

	



Lanza, E.; Schatzkin, A.; Daston, C.; Corle, D.; Freedman, L.; Ballard-Barbash, R.; Caan, B.; Lance, P.; Marshall, J.; Iber, F.; et al. Implementation of a 4-y, high-fiber, high-fruit-and-vegetable, low-fat dietary intervention: Results of dietary changes in the Polyp Prevention Trial. Am. J. Clin. Nutr. 2001, 74, 387–401. [Google Scholar] [CrossRef]

	



Händel, M.N.; Cardoso, I.; Rasmussen, K.M.; Rohde, J.F.; Jacobsen, R.; Nielsen, S.M.; Christensen, R.; Heitmann, B.L. Processed meat intake and chronic disease morbidity and mortality: An overview of systematic reviews and meta-analyses. PLoS ONE 2019, 14, e0223883. [Google Scholar] [CrossRef]

	



Shea, B.J.; Grimshaw, J.M.; Wells, G.A.; Boers, M.; Andersson, N.; Hamel, C.; Porter, A.C.; Tugwell, P.; Moher, D.; Bouter, L.M. Development of AMSTAR: A measurement tool to assess the methodological quality of systematic reviews. BMC Med. Res. Methodol. 2007, 7, 10. [Google Scholar] [CrossRef]

	



Shea, B.J.; Hamel, C.; Wells, G.A.; Bouter, L.; Kristjansson, E.; Grimshaw, J.; Henry, D.; Boers, M. AMSTAR is a reliable and valid measurement tool to assess the methodological quality of systematic reviews. J. Clin. Epidemiol. 2009, 62, 1013–1020. [Google Scholar] [CrossRef]

	



Guyatt, G.H.; Oxman, A.D.; Schuenemann, H.J.; Tugwell, P.; Knottnerus, A. GRADE guidelines: A new series of articles in the Journal of Clinical Epidemiology. J. Clin. Epidemiol. 2011, 64, 380–382. [Google Scholar] [CrossRef]

	



Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G. Preferred reporting items for systematic reviews and meta-analyses: The PRISMA statement. PLoS Med. 2009, 6, e1000097. [Google Scholar] [CrossRef] [PubMed]

	



Choi, Y.; Song, S.; Song, Y.; Lee, J.E. Consumption of red and processed meat and esophageal cancer risk: Meta-analysis. World J. Gastroenterol. 2013, 19, 1020–1029. [Google Scholar] [CrossRef] [PubMed]

	



Zhu, H.-C.; Yang, X.; Xu, L.; Zhao, L.-J.; Tao, G.-Z.; Zhang, C.; Qin, Q.; Cai, J.; Ma, J.-X.; Mao, W.-D.; et al. Meat Consumption Is Associated with Esophageal Cancer Risk in a Meat- and Cancer-Histological-Type Dependent Manner. Dig. Dis. Sci. 2014, 59, 664–673. [Google Scholar] [CrossRef]

	



Zhao, Z.; Yin, Z.; Zhao, Q. Red and processed meat consumption and gastric cancer risk: A systematic review and meta-analysis. Oncotarget 2017, 8, 30563–30575. [Google Scholar] [CrossRef] [PubMed]

	



Zhu, H.; Yang, X.; Zhang, C.; Zhu, C.; Tao, G.; Zhao, L.; Tang, S.; Shu, Z.; Cai, J.; Dai, S.; et al. Red and Processed Meat Intake Is Associated with Higher Gastric Cancer Risk: A Meta-Analysis of Epidemiological Observational Studies. PLoS ONE 2013, 8, e70955. [Google Scholar] [CrossRef]

	



Zhao, Z.; Feng, Q.; Yin, Z.; Shuang, J.; Bai, B.; Yu, P.; Guo, M.; Zhao, Q. Red and processed meat consumption and colorectal cancer risk: A systematic review and meta-analysis. Oncotarget 2017, 8, 83306–83314. [Google Scholar] [CrossRef] [PubMed]

	



Zhao, Z.; Yin, Z.; Pu, Z.; Zhao, Q. Association Between Consumption of Red and Processed Meat and Pancreatic Cancer Risk: A Systematic Review and Meta-analysis. Clin. Gastroenterol. Hepatol. 2016, 15, 486–493.e10. [Google Scholar] [CrossRef]

	



Fang, X.; Wei, J.; He, X.; An, P.; Wang, H.; Jiang, L.; Shao, D.; Liang, H.; Li, Y.; Wang, F.; et al. Landscape of dietary factors associated with risk of gastric cancer: A systematic review and dose-response meta-analysis of prospective cohort studies. Eur. J. Cancer 2015, 51, 2820–2832. [Google Scholar] [CrossRef] [PubMed]

	



Xu, J.; Yang, X.X.; Wu, Y.G.; Li, X.Y.; Bai, B. Meat consumption and risk of oral cavity and oropharynx cancer: A meta-analysis of observational studies. PLoS ONE 2014, 9, e95048. [Google Scholar] [CrossRef] [PubMed]

	



Li, F.; Duan, F.; Zhao, X.; Song, C.; Cui, S.; Dai, L. Red Meat and Processed Meat Consumption and Nasopharyngeal Carcinoma Risk: A Dose-response Meta-analysis of Observational Studies. Nutr. Cancer 2016, 68, 1034–1043. [Google Scholar] [CrossRef]

	



Luo, J.; Yang, Y.; Liu, J.; Lu, K.; Tang, Z.; Liu, P.; Liu, L.; Zhu, Y. Systematic review with meta-analysis: Meat consumption and the risk of hepatocellular carcinoma. Aliment. Pharmacol. Ther. 2014, 39, 913–922. [Google Scholar] [CrossRef]

	



Quach, P.; El, S.R.; Gomes, J.; Krewksi, D. A systematic review of the risk factors associated with the onset and progression of primary brain tumours. Neurotoxicology 2017, 61, 214–232. [Google Scholar] [CrossRef]

	



Esmaillzadeh, A.; Saneei, P.; Willett, W. Red and processed meat consumption and risk of glioma in adults: A systematic review and meta-analysis of observational studies. J. Res. Med. Sci. 2015, 20, 602–612. [Google Scholar] [CrossRef]

	



Wallin, A.; Orsini, N.; Wolk, A. Red and processed meat consumption and risk of ovarian cancer: A dose-response meta-analysis of prospective studies. Br. J. Cancer 2011, 104, 1196–1201. [Google Scholar] [CrossRef]

	



Yang, W.S.; Wong, M.Y.; Vogtmann, E.; Tang, R.Q.; Xie, L.; Yang, Y.S.; Wu, Q.J.; Zhang, W.; Xiang, Y.B. Meat consumption and risk of lung cancer: Evidence from observational studies. Ann. Oncol. 2012, 23, 3163–3170. [Google Scholar] [CrossRef]

	



Händel, M.N.; Rohde, J.F.; Jacobsen, R.; Nielsen, S.M.; Christensen, R.; Alexander, D.D.; Frederiksen, P.; Heitmann, B.L. Processed meat intake and incidence of colorectal cancer: A systematic review and meta-analysis of prospective observational studies. Eur. J. Clin. Nutr. 2020, 74, 1132–1148. [Google Scholar] [CrossRef] [PubMed]

	



The Risk of Bias in Non-Randomized Studies-of Interventions (ROBINS-I) Assessment Tool. 2016. Available online: https://www.bristol.ac.uk/population-health-sciences/centres/cresyda/barr/riskofbias/robins-i/ (accessed on 13 October 2021).

	



Larsson, S.C.; Wolk, A. Meat consumption and risk of colorectal cancer: A meta-analysis of prospective studies. Int. J. Cancer 2006, 119, 2657–2664. [Google Scholar] [CrossRef] [PubMed]

	



Alexander, D.D.; Miller, A.J.; Cushing, C.A.; Lowe, K.A. Processed meat and colorectal cancer: A quantitative review of prospective epidemiologic studies. Eur. J. Cancer Prev. 2010, 19, 328–341. [Google Scholar] [CrossRef]

	



Chan, D.S.M.; Lau, R.; Aune, D.; Vieira, R.; Greenwood, D.C.; Kampman, E.; Norat, T. Red and Processed Meat and Colorectal Cancer Incidence: Meta-Analysis of Prospective Studies. PLoS ONE 2011, 6, e20456. [Google Scholar] [CrossRef]

	



Huxley, R.R.; Ansary-Moghaddam, A.; Clifton, P.; Czernichow, S.; Parr, C.L.; Woodward, M. The impact of dietary and lifestyle risk factors on risk of colorectal cancer: A quantitative overview of the epidemiological evidence. Int. J. Cancer 2009, 125, 171–180. [Google Scholar] [CrossRef]

	



Johnson, C.M.; Wei, C.; Ensor, J.; Smolenski, D.J.; Amos, C.I.; Levin, B.; Berry, D.A. Meta-analyses of colorectal cancer risk factors. Cancer Causes Control. 2013, 24, 1207–1222. [Google Scholar] [CrossRef]

	



Norat, T.; Lukanova, A.; Ferrari, P.; Riboli, E. Meat consumption and colorectal cancer risk: Dose-response meta-analysis of epidemiological studies. Int. J. Cancer 2001, 98, 241–256. [Google Scholar] [CrossRef]

	



Pham, N.M.; Mizoue, T.; Tanaka, K.; Tsuji, I.; Tamakoshi, A.; Matsuo, K.; Wakai, K.; Nagata, C.; Inoue, M.; Tsugane, S.; et al. Meat Consumption and Colorectal Cancer Risk: An Evaluation Based on a Systematic Review of Epidemiologic Evidence Among the Japanese Population. Jpn. J. Clin. Oncol. 2014, 44, 641–650. [Google Scholar] [CrossRef]

	



Sandhu, M.S.; White, I.; McPherson, K. Systematic review of the prospective cohort studies on meat consumption and colorectal cancer risk: A meta-analytical approach. Cancer Epidemiol. Biomark. Prev. 2001, 10, 439–446. [Google Scholar]

	



Yuan, C.; Spiegelman, D.; Rimm, E.B.; Rosner, B.A.; Stampfer, M.J.; Barnett, J.B.; Chavarro, J.E.; Rood, J.C.; Harnack, L.J.; Sampson, L.K.; et al. Relative Validity of Nutrient Intakes Assessed by Questionnaire, 24-Hour Recalls, and Diet Records as Compared With Urinary Recovery and Plasma Concentration Biomarkers: Findings for Women. Am. J. Epidemiol. 2018, 187, 1051–1063. [Google Scholar] [CrossRef]

	



Weismayer, C.; Anderson, J.G.; Wolk, A. Changes in the stability of dietary patterns in a study of middle-aged Swedish women. J. Nutr. 2006, 136, 1582–1587. [Google Scholar] [CrossRef]

	



Mishra, G.D.; McNaughton, S.A.; Bramwell, G.D.; Wadsworth, M.E. Longitudinal changes in dietary patterns during adult life. Br. J. Nutr. 2006, 96, 735–744. [Google Scholar]

	



Ruder, E.H.; Thiébaut, A.C.M.; Thompson, F.E.; Potischman, N.; Subar, A.F.; Park, Y.; Graubard, B.I.; Hollenbeck, A.R.; Cross, A.J. Adolescent and mid-life diet: Risk of colorectal cancer in the NIH-AARP Diet and Health Study. Am. J. Clin. Nutr. 2011, 94, 1607–1619. [Google Scholar] [CrossRef]

	



Gong, C.L.; Zawadzki, N.K.; Zawadzki, R.; Tran, J.; Hay, J.W. Unprocessed Red Meat and Processed Meat Consumption. Ann. Intern. Med. 2020, 172, 637–638. [Google Scholar] [CrossRef]

	



Qian, F.; Riddle, M.C.; Wylie-Rosett, J.; Hu, F.B. Red and Processed Meats and Health Risks: How Strong Is the Evidence? Diabetes Care 2020, 43, 265–271. [Google Scholar] [CrossRef]

	



Schunemann, H.; Hill, S.; Guyatt, G.; Akl, E.A.; Ahmed, F. The GRADE approach and Bradford Hill’s criteria for causation. J. Epidemiol. Community Health 2011, 65, 392–395. [Google Scholar] [CrossRef]

	



Schünemann, H.J.; Tugwell, P.; Reeves, B.C.; Akl, E.A.; Santesso, N.; Spencer, F.A.; Shea, B.; Wells, G.; Helfand, M. Non-randomized studies as a source of complementary, sequential or replacement evidence for randomized controlled trials in systematic reviews on the effects of interventions. Res. Synth. Methods 2013, 4, 49–62. [Google Scholar] [CrossRef]








[image: Nutrients 13 03601 g001 550] 





Figure 1. Overview of the number of published systematic reviews and the average AMSTAR (A MeaSurement Tool to Assess Systematic Reviews) score in the systematic reviews according to publishing year. 
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