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36-fold higher estimate of deaths attributable to red meat intake in GBD 2019: 

is this reliable? 

 

We wish to compliment the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 

Collaborators for their important contributions to global health metrics over the past 30 years. Their 

standardised and comprehensive estimates of the global burden of diseases, injuries, and risk factors 

have been used by researchers, government officials, and non-governmental organisations to make 

comparisons among populations, to track changes over time, and to monitor progress towards key 

policy targets, such as the Sustainable Development Goals. 

However, we have some serious concerns about the most recent GBD systematic analysis of risk 

factors.1 In particular, we wish to highlight the substantial changes in the GBD 2019 estimates of the 

disease burdens attributable to many of the dietary risk factors compared with the GBD 2017 

estimates.2 Disease burdens (as measured by deaths and disability adjusted life-years [DALYs]) 

attributed to diets low in fruit, nuts and seeds, vegetables, seafood omega-3 fatty acids, and 

polyunsaturated fatty acids have declined by more than 50%. However, the most substantial change in 

the estimates is the disease burden attributed to diets high in unprocessed red meat. In 2019, a diet 

high in red meat was reported to be responsible for 896,000 deaths (95% uncertainty interval [UI] 

536,000–1,250,000) and 23·9 million DALYs (15·6–32·0), and was considered to be the fifth leading 

dietary risk factor for attributable DALYs.1 By contrast, the GBD 2017 analysis only attributed 25,000 

deaths (95% UI 11,000–40,000) and 1·3 million DALYs (0·5–2·3) to diets high in red meat, and red meat 

intake was the least important of 15 dietary risk factors.2 Hence, by comparison with previous estimates, 

the 2019 estimates of deaths attributable to unprocessed red meat intake have increased 36-fold, and 

estimates of DALYs attributable to unprocessed red meat intake have increased 18-fold.  

The GBD 2019 Risk Factors Collaborators acknowledge the substantial differences in the estimates for 

many of the dietary risk factors and suggest three major sources for these differences: changes in the 

crosswalks between alternative and reference methods for estimating diet intake, new systematic 

reviews and meta-regressions, and more empirical standardised methods for selecting the theoretical 

minimum risk exposure level (TMREL) for protective factors. For red meat, all three sources influence 

the estimates; however, the new systematic reviews and meta-regressions and the setting of the red 

meat TMREL to 0 g per day appear to be two sources of particular importance.  

All previous GBD Risk Factor analyses used data from published peer-reviewed systematic reviews and 

meta-analyses,2 as well as the World Cancer Research Fund criteria for convincing or probable evidence 

of risk–outcome pairs,3 to construct the relative risk curves and to determine the TMREL for each risk 

factor. The GBD 2019 analysis differs from this approach in that the GBD 2019 Risk Factors Collaborators 

performed or updated their own systematic reviews for each dietary risk and its related outcomes. On 

the basis of these reviews, the GBD 2019 Risk Factors Collaborators reported “sufficient evidence 

supporting the causal relationship of red meat intake with ischaemic heart disease, breast cancer, 

haemorrhagic stroke, and ischaemic stroke”1 and added these outcomes to previously identified 

relationships with diabetes and colon cancer.  



These findings of additional causal relationships for red meat are not in agreement with other recently 

conducted systematic reviews and meta-analyses. The Nutritional Recommendations (also known as 

NutriRECS) international consortium performed four parallel systematic reviews of randomised trials 

and observational studies.4–7 The consortium reported finding low to very low certainty evidence that 

diets lower in unprocessed red meat might result in very small reductions in risk of cardiovascular 

disease, stroke, myocardial infarction, type 2 diabetes, and overall lifetime cancer mortality.8 The 2018 

World Cancer Research Fund’s Continuous Update Project Expert Report judged the evidence for a link 

between red meat intake and breast cancer to be limited and that no conclusion could be reached 

regarding a causal or protective relationship.9  

Furthermore, there appears to be a considerable disparity between the updated relative risk curves of 

GBD 2019 (appendix 1 of GBD 2019 [p 349]) and the dose–response curves of peer-reviewed cohort 

studies that examine the relationship between red meat intake and adverse outcomes. This disparity is 

particularly evident for moderate intakes of red meat, up to 50 g per day or three portions of red meat 

per week. According to the GBD 2019 analysis,1 the relative risk of suffering an ischaemic stroke, an 

intracerebral haemorrhage, or a subarachnoid haemorrhage for people aged 55–59 years who are 

consuming 50 g per day of red meat versus those consuming no red meat is 1·20 [95% CI 1·11–1·26], 

1·20 [1·1–1·28], and 1·20 [1·1–1·28], respectively. By contrast, only one10 of nine studies examining the 

relationship between red meat intake and ischaemic stroke10–16 reports a relative risk of 1·20 or greater 

for an intake of 50 g per day. None of eleven studies of haemorrhagic stroke,10–17 or the single study of 

subarachnoid haemorrhage,12 report a relative risk as high as 1·20 for a red meat intake of 50 g per day. 

Indeed, only one17 of the 11 cohort studies of haemorrhagic stroke reports an estimated relative risk of 

more than 1 for red meat intakes up to 50 g per day. 

In attempting to understand these highly divergent conclusions, it is problematic that the GBD 2019 

analysis provides little information concerning their updated systematic reviews.  

The Lancet, along with all top ranked medical journals, rightly requires that global health estimates be 

reported according to the Guidelines for Accurate and Transparent Health Estimates Reporting 

(GATHER) statement.18 GATHER recognises that accurate interpretation and responsible use of health 

estimates, by both decision makers and researchers, requires understanding of the input data on which 

estimates were based, including their quality, and of the methods used to derive the estimates from the 

input data. GATHER comprises a checklist of 18 items, which are organised into four sections: objectives 

and funding, data inputs, data analysis, and results and discussion. With regard to data inputs, GBD 2019 

does indicate that 92 sources are used in the estimations of relative risk of diets high in red meat.1 

However, those 92 publications are not specifically identified, and we cannot find any reporting of 

GATHER items 3–6, which pertain to how the data from each source were identified and accessed, the 

inclusion and exclusion criteria, the characteristics of the populations, the data collection methods, and 

any potentially important biases. This non-adherence to agreed best practice is deeply concerning.  

Furthermore, since the GBD 2019 analysis had new or updated systematic reviews and meta-analyses, 

The Lancet requires that each of these reviews be reported according to the Preferred Reporting Items 

for Systematic reviews and Meta-Analyses (PRISMA) 2009 guidelines.19 We note that advances in 

systematic review methodology and terminology over the past decade have very recently mandated the 



updated PRISMA 2020 statement.20 Key changes include a requirement to specify the methods used to 

assess the risk of bias in the included studies, a shift from assessing quality to assessing certainty in the 

body of evidence, and a recommendation that systematic review protocols are prospectively registered 

with a publicly accessible repository. We can find no record in the main GBD 2019 article, nor in the 

appendices, of the GBD 2019 systematic review protocols, nor of the required peer-reviewed 

publications that comprehensively address the 27-item PRISMA (2009 or 2020) checklists.  

Additionally, we are puzzled by the reference to more empirical standardised methods for selecting the 

TMREL for risk factors in GBD 2019. For protective factors, it appears that considerable care was taken 

to select the level of exposure with the lowest level of risk that was supported by the available data. The 

GBD 2019 Risk Factors Collaborators recognised that projecting beyond the level of exposure supported 

by the available studies could exaggerate the attributable burden for a risk factor. Hence, for protective 

dietary components, the TMREL was set using the 85th percentile of levels of exposure included in the 

published cohort studies or randomised controlled trials. By contrast, the TMREL for risk factors viewed 

as harmful was, by default, set to zero. Therefore, the red meat TMREL changed from 22·5 g per day to 0 

g per day. The assumption of a red meat TMREL of zero is counterintuitive given the role of meat in 

evolutionary diets and in contemporary hunter-gatherer populations, in which cardiometabolic diseases 

were and still are uncommon.21,22 Furthermore, recently published results from one of the largest 

multinational studies, which was conducted in five continents and examined the association between 

different types of meat and health outcomes, the Prospective Urban Rural Epidemiology study,23 

contradicts this premise. It is of considerable importance that the GBD 2019 Risk Factors Collaborators 

provide the empirical evidence for this change in TMREL and confirm that there was no projection 

beyond the available evidence.  

We further question if the totality of nutritional effects of red meat have been considered in the meta-

regressions. If the TMREL is assumed to be zero, red meat would then de facto be presented as an 

inherently harmful food. This assumption would ignore the well documented nutritional benefits with 

respect to the supply of essential nutrients and bioactive components.24,25 If the current public health 

message advising moderate consumption of red meat as part of a healthy balanced diet is replaced by 

the message that any intake of red meat is harmful, this change will probably adversely affect iron 

deficiency anaemia, sarcopenia, and child and maternal malnutrition— these conditions and their 

associated risk factors are already responsible for considerably greater global disease burdens than a 

diet high in red meat, particularly in low-income and middle-income countries.  

Since publication, GBD 2019 has been cited by 635 documents, including 351 scientific papers and nine 

policy documents. Using data from GBD 2019, Chung and colleagues26 concluded that global increases in 

the red and processed meat trade contributed to an abrupt increase of diet-related non-communicable 

diseases. The GBD 2019 Stroke Collaborators27 recently reported that greater numbers of stroke and 

subarachnoid haemorrhage DALYs were attributable to diets high in red meat, than were attributable to 

diets high in salt, in 11 of 21 world regions. Of great concern is the extensive quoting of GBD 2019 risk 

factor data in the evidence document of the UK’s National Food Strategy.28 Figures in this policy 

document indicate that diets high in red meat are responsible for greater numbers of DALYs than diets 

high in salt, trans-fatty acids, or sugar-sweetened beverages.  



Given the substantial influence of GBD reports on worldwide nutritional policy decision making, it is of 

considerable importance that the GBD estimates are subject to critical scrutiny and that they continue 

to be rigorously and transparently evidence-based. Hence, we call on the GBD 2019 Risk Factors 

Collaborators to address two key concerns.  

 First, the GBD 2019 Risk Factors Collaborators should clarify where the peer-reviewed publications 

of their updated or new systematic reviews are; 

o that comprehensively address the 27-item PRISMA statement and the 20-item GATHER 

statement checklists;  

o that justify the updated dose–response curves of the relative risks of red meat for breast 

cancer, colorectal cancer, type 2 diabetes, ischaemic heart disease, ischaemic stroke, 

haemorrhagic stroke, and subarachnoid haemorrhage; and  

o that provide the empirical evidence for the changing of the red meat TMREL from 22·5 g per 

day to 0 g per day.  

 Finally, the GBD 2019 Risk Factors Collaborators should clarify if the additional deaths and DALYs 

from iron deficiency anaemia, sarcopenia, and child and maternal malnutrition that would result 

from the imposition of a red meat TMREL of zero have been included in the GBD 2019 estimates.  

Unless, and until, all new or updated reviews and meta-analyses pertaining to all dietary risk factors are 

published, having undergone comprehensive independent peer review, we think it would be highly 

inappropriate and imprudent for the GBD 2019 dietary risk estimates to be used in any national or 

international policy documents, nor in any regulatory nor legislative decisions. 

 

Authors 

Alice V. Stanton, Professor of Cardiovascular Therapeutics, Royal College of Surgeons in Ireland, and 

Director of Human Health at Devenish Nutrition, Ireland.  

Frédéric Leroy, Professor of Food Science and Biotechnology, Vrije Universiteit Brussel, Belgium. 

Christopher Elliott, Professor of Food Safety, School of Biological Sciences, Institute for Global Food 

Security, Queen’s University Belfast, UK.  

Neil Mann, Professor of Food Science and Human Nutrition, University of Melbourne, Australia. 

Patrick Wall, Professor of Public Health, University College Dublin, Ireland. 

Stefaan De Smet, Professor, Faculty of Bioscience Engineering, Ghent University, Belgium. 

 

Declaration of Interests 

All authors declare no competing interests related to this work. Outside the submitted work, AVS serves 

as a non-remunerated member of Ireland’s Agri-food Strategy to 2030 Committee, Horizon Europe’s 

Cancer Mission Assembly, Irish Climate and Health Coalition, Council on High Blood Pressure of the Irish 

Heart Foundation, and World Action against Salt, Sugar and Health (WASSH), is a part-time employee of 



Devenish Nutrition, and owns stock in Devenish Nutrition. FL serves as an non-remunerated officer with 

the following scientific not-for-profit organizations; Belgian Association for Meat Science and 

Technology; Belgian Society for Food Microbiology; and Belgian Nutrition Society, and member of the 

following scientific committees; World Farmers Organization; Institute Danone Belgium; and Advisory 

Commission for the “Protection of Geographical Denominations and Guaranteed Traditional Specialties 

for Agricultural Products and Foods” of the Ministry of the Brussels Capital Region. CE reports grants to 

his Institute from Devenish Nutrition, and serving as Independent Scientific Expert to the World Food 

Programme and as Chair of Scientific Advisory Committee of Foundation Earth. SDS serves as Vice-

President (non-remunerated) to the Belgian Association for Meat Science and Technology, member 

(non-remunerated) of the Scientific Advisory Board of Bleu-Blanc-Coeur, and of the Flemish Strategic 

Advisory Council for Agriculture and Fisheries.  

 

References  

1. Murray CJL, Aravkin AY, Zheng P, et al. Global burden of 87 risk factors in 204 countries and 

territories, 1990–2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet 

2020; 396: 1223–49. 

2. Stanaway JD, Afshin A, Gakidou E, et al. Global, regional, and national comparative risk assessment 

of 84 behavioural, environmental and occupational, and metabolic risks or clusters of risks for 195 

countries and territories, 1990–2017: a systematic analysis for the Global Burden of Disease Study 

2017. Lancet 2018; 392: 1923–94.  

3. World Cancer Research Fund, American Institute for Cancer Research. Food, nutrition, and physical 

activity, and the prevention of cancer: a global perspective. Washington DC: AICR, 2007. 

4. Zeraatkar D, Han MA, Guyatt GH et al. Red and processed meat consumption and risk for all-cause 

mortality and cardiometabolic outcomes a systematic review and meta-analysis of cohort studies. 

Ann Intern Med 2019; 171: 703–10.  

5. Han MA, Zeraatkar D, Guyatt GH 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. 

6. Zeraatkar D, Johnston BC, Bartoszko J 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: 721–731.  

7. Vernooij RWM, Zeraatkar D, Han MA 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: 732–741.  

8. Johnston BC, Zeraatkar D, Han MA et al. Unprocessed Red Meat and Processed Meat Consumption: 

Dietary Guideline Recommendations From the NutriRECS Consortium. Ann Intern Med 2019; 171: 

756-64. 

9. World Cancer Research Fund, American Institute for Cancer Research. Continuous update project 

expert report 2018. Diet, nutrition, physical activity and breast cancer. 2018. 

https://www.wcrf.org/wp-content/uploads/2021/02/Breast-cancer-report.pdf 



10. Bernstein AM, Pan A, Rexrode KM, et al. Dietary protein sources and the risk of stroke in men and 

women. Stroke 2012; 43: 637–44.  

11. Larsson SC, Virtamo J, Wolk A. Red meat consumption and risk of stroke in Swedish men. Am J Clin 

Nutr 2011; 94: 417–21.  

12. Larsson SC, Virtamo J, Wolk A. Red meat consumption and risk of stroke in Swedish women. Stroke 

2011; 42: 324–29.  

13. Takata Y, Shu XO, Gao YT, et al. Red meat and poultry intakes and risk of total and cause-specific 

mortality: results from cohort studies of Chinese adults in Shanghai. PLoS One 2013; 8: e56963.  

14. Haring B, Misialek JR, Rebholz CM, et al. Association of dietary protein consumption with incident 

silent cerebral infarcts and stroke. The Atherosclerosis Risk in Communities (ARIC) Study. Stroke 

2015; 46: 3443–50.  

15. Tong TYN, Appleby PN, Key TJ, et al. The associations of major foods and fibre with risks of ischaemic 

and haemorrhagic stroke: a prospective study of 418 329 participants in the EPIC cohort across nine 

European countries. Eur Heart J 2020; 41: 2632–40.  

16. Papier K, Fensom GK, Knuppel A, et al. Meat consumption and risk of 25 common conditions: 

outcome-wide analyses in 475 000 men and women in the UK Biobank study. BMC Med 2021; 19: 

53.  

17. Saito E, Tang X, Abe SK, et al. Association between meat intake and mortality due to all-cause and 

major causes of death in a Japanese population. PLoS One 2020; 15: e0244007. 

18. Stevens GA, Alkema L, Black RE et al (The GATHER Working Group). Guidelines for Accurate and 

Transparent Health Estimates Reporting: the GATHER statement. Lancet 2016; 388: e19–23. 

19. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting items for systematic 

reviews and meta-analyses: the PRISMA statement. Ann Intern Med 2009; 151: 264-9. 

20. Page MJ, McKenzie JE, Bossuyt PM et al. The PRISMA 2020 statement: an updated guideline for 

reporting systematic reviews. BMJ 2021; 372: n71. 

21. Mann NJ. A brief history of meat in the human diet and current health implications. Meat Sci. 2018; 

144: 169-79.  

22. Cordain TL, Eaton SB, Brand Miller J, Mann N, Hill K. The paradoxical nature of hunter-gatherer diets: 

meat-based, yet non-atherogenic. Eur J Clin Nutr 2002; 56 Suppl 1:S42-2.  

23. Iqbal R, Dehghan M, Mente A et al. Associations of unprocessed and processed meat intake with 

mortality and cardiovascular disease in 21 countries [Prospective Urban Rural Epidemiology (PURE) 

Study]: a prospective cohort study. Am J Clin Nutr 2021; 114:1049-58. 

24. Wyness L. The role of red meat in the diet: nutrition and health benefits. Proc Nutr Soc 2016; 75: 

227–32. 

25. Adesogan AT, Havelaar AH, McKune SL et al. Animal source foods: Sustainability problem or 

malnutrition and sustainability solution? Perspective matters. Global Food Security 2020; 25: 

1003252. 

26. Chung MG, Li Y, Liu J. Global red and processed meat trade and non-communicable diseases. BMJ 

Global Health 2021; 6:e006394. 

27. Feigin VL, Stark BA, Johnson CO, et al. Global, regional, and national burden of stroke and its risk 

factors, 1990–2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet 

Neurology 2021; 20: 795–820. 



28. Dimbleby H.The Evidence Document of the National Food Strategy: The Plan – July 2021. Available 

at https://www.nationalfoodstrategy.org/the-report/  

 

 


	36-fold higher estimate of deaths attributable to red meat intake in GBD 2019: is this reliable?

