Health analysis of the burden of diet-related diseases

Comparative risk assessment

We estimated the mortality and disease burden attributable to dietary and weight-related risk factors by calculating population impact fractions (PIFs) which represent the proportions of disease cases that would be avoided when the risk exposure was changed from a baseline situation to a counterfactual situation. For calculating PIFs, we used the general formula1–3:
 
	
	
	



[bookmark: _GoBack]where  is the relative risk of disease for risk factor level ,  is the number of people in the population with risk factor level  in the baseline scenario, and  is the number of people in the population with risk factor level  in the counterfactual scenario. We assumed that changes in relative risks follow a dose-response relationship,2 and that PIFs combine multiplicatively, i.e.  where the i’s denote independent risk factors.2,4 

The number of avoided deaths due to the change in risk exposure of risk i, Δdeathsi, was calculated by multiplying the associated PIF by disease-specific death rates, DR, and by the number of people alive within a population, P:  

	
	
	


where PIFs are differentiated by region r, sex s, age group a, and disease/cause of death d; the death rates are differentiated by region, sex, age group, and disease; the population groups are differentiated by region, sex, and age group; and the change in the number of deaths is differentiated by region, sex, age group, and disease.

Data sources

[bookmark: _Hlk24311013]We used publicly available data sources to parameterize the comparative risk analysis. Mortality and population data were adopted from the Global Burden of Disease project.5 Baseline data on the weight distribution in each country were adopted from a pooled analysis of population-based measurements undertaken by the NCD Risk Factor Collaboration.6 

The relative risk estimates that relate the risk factors to the disease endpoints were adopted from meta-analyses of prospective cohort studies for dietary and weight-related risks.7–13 In line with the meta-analyses, we included non-linear dose-response relationships for fruits, vegetables, and nuts and seeds, and assumed linear dose-response relationships for the remaining risk factors. As our analysis was primarily focused on mortality from chronic diseases, we focused on adults aged 20 year or older, and we adjusted the relative-risk estimates for attenuation with age based on a pooled analysis of cohort studies focussed on metabolic risk factors,14 in line with other assessments.3,15 

SI Table 1 provides an overview of the relative-risk parameters used. For the counterfactual scenario, we defined minimal risk exposure levels (TMRELs) as follows: 300 g/d for fruits, 500 g/d for vegetables, 100 g/d for legumes, 20 g/d for nuts and seeds, 0 g/d for red meat, and no underweight, overweight, or obesity. The TMRELs are in line with those defined by the Nutrition and Chronic Diseases Expert Group (NutriCoDE),15 with the exception that we used a higher value for vegetables, and we used zero as minimal risk exposure for red meat, in each case based on a more comprehensive meta-analysis.9,10

Certainty of evidence

[bookmark: _Hlk39674646]The selection of risk-disease associations used in the health analysis was supported by available criteria used to judge the certainty of evidence, such as the Bradford-Hill criteria used by the Nutrition and Chronic Diseases Expert Group (NutriCoDE),15 the World-Cancer-Research-Fund criteria used by the Global Burden of Disease project,16 as well as NutriGrade (SI Table 2).17 The certainty of evidence supporting the associations of dietary risks and disease outcomes as used here were graded as moderate or high with NutriGrade,10–12 and/or assessed as probable or convincing by the Nutrition and Chronic Diseases Expert Group,15 and by the World Cancer Research.18 The certainty of evidence grading in each case relates to the general relationship between a risk factor and a health outcome, and not to a specific relative-risk value. 

We did not include all available risk-disease associations that were graded as having a moderate certainty of evidence and showed statistically significant results in the meta-analyses that included NutriGrade assessments.10–12 That was because for some associations, such as for milk and fish, more detailed meta-analyses (with more sensitivity analyses) were available that indicated potential confounding with other major dietary risks or health status at baseline.19–21 Such sensitivity analyses were not presented in the meta-analyses that included NutriGrade assessments, but they are important for health assessments that evaluate changes in multiple risk factors.  

For the different diet scenarios, we calculated uncertainty intervals associated with changes in mortality based on standard methods of error propagation and the confidence intervals of the relative risk parameters. For the error propagation, we approximated the error distribution of the relative risks by a normal distribution and used that side of deviations from the mean which was largest. This method leads to conservative and potentially larger uncertainty intervals as probabilistic methods, such as Monte Carlo sampling, but it has significant computational advantages, and is justified for the magnitude of errors dealt with here (<50%) (see e.g. IPCC Uncertainty Guidelines). 

Caveats

In the comparative risk assessment, we used relative risk factors that are subject to the caveats common in nutritional epidemiology, including small effect sizes and potential measurement error of dietary exposure, such as over and underreporting and infrequent assessment.22 For our calculations, we assumed that the risk-disease relationships describe causal associations, an assumption supported by the existence of statistically significant dose-response relationships in meta-analyses, the existence of plausible biological pathways, and supporting evidence from experiments, e.g. on intermediate risk factors.10–13,15,23–28 However, residual confounding with unaccounted risk factors cannot be ruled out in epidemiological studies. Additional aspects rarely considered in meta-analyses are the importance of substitution between food groups that are associated with risks, and the time lag between dietary exposure and disease. 

[bookmark: _Hlk39677688][bookmark: _Hlk39678214][bookmark: _Hlk39678153][bookmark: _Hlk39678190][bookmark: _Hlk39678200]To address potential confounding, we omitted risk-disease associations that became non-significant in fully adjusted models, in particular those related milk intake,19,20 and to fish intake.21,29–32 The quality of evidence in meta-analyses that covered the same risk-disease associations as used here was graded with NutriGrade as moderate or high for all risk-disease pairs included in the analysis (SI Table 2).10–12 In addition, the Nutrition and Chronic Diseases Expert Group and the World Cancer Research Fund graded the evidence for a causal association of ten of the 12 risk-disease associations included in the analysis as probable or convincing,15,18 The relative health ranking of leading risk factors found in our analysis was similar to existing rankings that relied on different relative-risk parameters and exposure data.16,33 

As exposure data, we used a proxy of food consumption that was derived from estimates of  food availability that were adjusted for the amount of food wasted at the point of consumption.34,35 An alternative would have been to rely on a set of consumption estimates that has been based on a variety of data sources, including dietary surveys, household budget and expenditure surveys, and food availability data.36,37 However, neither the exact combination of these data sources, nor the estimation model used to derive the data have been made publicly available. For some individual countries, using dietary surveys would also have been an alternative. However, underreporting is a persistent problem in dietary survey,38,39 and regional differences in survey methods would have meant that our results would not be comparable between countries. In contrast to dietary surveys, waste-adjusted food-availability estimates indicate levels of energy intake per region that reflect differences in the prevalence of overweight and obesity across regions.6 















SI Table 1. Relative risk parameters (mean and low and high values of 95% confidence intervals) for dietary risks and weight-related risks. 
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SI Table 2. Overview of existing ratings on the certainty of evidence for a statistically significant association between a risk factor and a disease endpoint. The ratings include those of the Nutrition and Chronic Diseases Expert Group (NutriCoDE),15 the World Cancer Research Fund,18 and NutriGrade.10–12 The ratings relate to the risk-disease associations in general, and not to the specific relative-risk factor used for those associations in this analysis.   
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Food group Endpoint Unit RR mean RR low RR high Reference
CHD 100 g/d 1.15 1.08 1.23 Bechthold et al (2019)
Stroke 100 g/d 1.12 1.06 1.17 Bechthold et al (2019)
Colorectal cancer 100 g/d 1.12 1.06 1.19 Schwingshackl et al (2018)
Type 2 diabetes 100 g/d 1.17 1.08 1.26 Schwingshackl et al (2017)
CHD 100 g/d 0.95 0.92 0.99 Aune et al (2017)
Stroke 100 g/d 0.77 0.70 0.84 Aune et al (2017)
Cancer 100 g/d 0.94 0.91 0.97 Aune et al (2017)
CHD 100 g/d 0.84 0.80 0.88 Aune et al (2017)
Cancer 100 g/d 0.93 0.91 0.95 Aune et al (2017)



Legumes CHD 57 g/d 0.86 0.78 0.94 Afshin et al (2014)
Nuts CHD 28 g/d 0.71 0.63 0.80 Aune et al (2016)



CHD 15<BMI<18.5 1.17 1.09 1.24 Global BMI Collab (2016)
Stroke 15<BMI<18.5 1.37 1.23 1.53 Global BMI Collab (2016)
Cancer 15<BMI<18.5 1.10 1.05 1.16 Global BMI Collab (2016)
Respiratory disease 15<BMI<18.5 2.73 2.31 3.23 Global BMI Collab (2016)
CHD 25<BMI<30 1.34 1.32 1.35 Global BMI Collab (2016)
Stroke 25<BMI<30 1.11 1.09 1.14 Global BMI Collab (2016)
Cancer 25<BMI<30 1.10 1.09 1.12 Global BMI Collab (2016)
Respiratory disease 25<BMI<30 0.90 0.87 0.94 Global BMI Collab (2016)
Type 2 diabetes 25<BMI<30 1.88 1.56 2.11 Prosp Studies Collab (2009)
CHD 30<BMI<35 2.02 1.91 2.13 Global BMI Collab (2016)
Stroke 30<BMI<35 1.46 1.39 1.54 Global BMI Collab (2016)
Cancer 30<BMI<35 1.31 1.28 1.34 Global BMI Collab (2016)
Respiratory disease 30<BMI<35 1.16 1.08 1.24 Global BMI Collab (2016)
Type 2 diabetes 30<BMI<35 3.53 2.43 4.45 Prosp Studies Collab (2009)
CHD 30<BMI<35 2.81 2.63 3.01 Global BMI Collab (2016)
Stroke 30<BMI<35 2.11 1.93 2.30 Global BMI Collab (2016)
Cancer 30<BMI<35 1.57 1.50 1.63 Global BMI Collab (2016)
Respiratory disease 30<BMI<35 1.79 1.60 1.99 Global BMI Collab (2016)
Type 2 diabetes 30<BMI<35 6.64 3.80 9.39 Prosp Studies Collab (2009)
CHD 30<BMI<35 3.81 3.47 4.17 Global BMI Collab (2016)
Stroke 30<BMI<35 2.33 2.05 2.65 Global BMI Collab (2016)
Cancer 30<BMI<35 1.96 1.83 2.09 Global BMI Collab (2016)
Respiratory disease 30<BMI<35 2.85 2.43 3.34 Global BMI Collab (2016)
Type 2 diabetes 30<BMI<35 12.49 5.92 19.82 Prosp Studies Collab (2009)
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Food group Endpoint Association Certainty of evidence
Fruits CHD NutriCoDE: probable or convincing; 



NutriGrade: moderate quality of meta-evidence
Stroke NutriCoDE: probable or convincing



NutriGrade: moderate quality of meta-evidence
Cancer WCRF: strong evidence (probable) for some cancers



NutriGrade: moderate quality of meta-evidence for colorectal cancer
Vegetables CHD NutriCoDE: probable or convincing



NutriGrade: moderate quality of meta-evidence
Cancer WCRF: strong evidence (probable) for non-starchy vegetables and some cancers



NutriGrade: moderate quality of meta-evidence for colorectal cancer
Legumes CHD NutriCoDE: probable or convincing



NutriGrade: moderate quality of meta-evidence
Nuts and seeds CHD NutriCoDE: probable or convincing



NutriGrade: moderate quality of meta-evidence
Red meat CHD increase NutriGrade: moderate quality of meta-evidence



Stroke increase NutriGrade: moderate quality of meta-evidence
Cancer WCRF: strong evidence (probable) for colorectal cancer



NutriGrade: moderate quality of meta-evidence for colorectal cancer
NutriCoDE: probable or convincing
NutriGrade: high quality of meta-evidence



NutriCoDE: Nutrition and Chronic Diseases Expert Group



WCRF: World Cancer Research Fund



increase
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NutriGrade: Grading of Recommendations Assessment, Dvelopment, and Evaluation (GRADE) tailored to nutrition research
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