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Abstract

:

The UK Biobank is a cohort study that collects data on diet, lifestyle, biomarkers, and health to examine diet–disease associations. Based on the UK Biobank, we reviewed 36 studies on diet and three health conditions: type 2 diabetes (T2DM), cardiovascular disease (CVD), and cancer. Most studies used one-time dietary data instead of repeated 24 h recalls, which may lead to measurement errors and bias in estimating diet–disease associations. We also found that most studies focused on single food groups or macronutrients, while few studies adopted a dietary pattern approach. Several studies consistently showed that eating more red and processed meat led to a higher risk of lung and colorectal cancer. The results suggest that high adherence to “healthy” dietary patterns (consuming various food types, with at least three servings/day of whole grain, fruits, and vegetables, and meat and processed meat less than twice a week) slightly lowers the risk of T2DM, CVD, and colorectal cancer. Future research should use multi-omics data and machine learning models to account for the complexity and interactions of dietary components and their effects on disease risk.
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1. Introduction


Diet is a modifiable risk factor that has been shown to have a significant impact on the prevention and management of chronic diseases. Information on dietary patterns has been observed to help predict cardiovascular disease and find a dietary association with cancers [1,2]. Understanding how diet influences disease risk requires a holistic and integrative approach that considers other factors, such as genetic, environmental, psychological, and behavioural parameters. Large-scale epidemiological studies such as the UK Biobank, where big data related to all those factors are readily available for analysis, are expected to provide better insight into the diet–disease relationship [3].



However, diet as an exposure variable is challenging to measure, as consumption of food happens in varying combinations and proportions, rather than as individual nutrients or food items. In addition, nutrients and foods can interact in synergistic and antagonistic directions [4]. Given this complexity, diet as a predictor of disease has, as is appropriate, been explored in different ways: individual nutrients, food indices, food groups, or dietary patterns. A major problem with categorising diet variability is the limited comparability and generalisability of findings across studies [5].



Given the undoubted benefits of the UK Biobank for understanding diet–disease associations (due in part to the huge cohort size), a quantitative and qualitative evaluation of existing studies is needed to gain a synoptic overview of progress using these data. We conducted a systematic review to identify the knowledge gap regarding the associations between diet and non-communicable disease (NCDs) incidence in UK Biobank participants. The objectives of this paper are to summarise the main findings from the published studies that analysed the UK Biobank dietary data; create summary statistics of the effect of diet/food; and identify the gaps in the current literature to suggest directions for future research.




2. Methods


2.1. Study Design and Setting


The UK Biobank is a large-scale epidemiological prospective cohort with an overarching objective to serve as a resource for research on the genetic, environmental, and lifestyle factors that influence a wide range of diseases [3]. The UK Biobank recruited 502,000 participants aged 40 to 69. This age group was chosen to enable the study of a population that is susceptible to various chronic conditions (such as cancer, CVD, and diabetes) over the ensuing period of their lives. Data on participants’ biomedical attributes, genome, wellbeing, and diseases were gathered from 2006 to 2010 at 22 recruiting centres across the United Kingdom. Fry et al. found that women, older people, and those living in less deprived areas had higher participation rates. UK Biobank participants also had fewer health problems, lower obesity rates, and less daily alcohol consumption than the general population [6]. The UK Biobank had the same percentage of ethnic diversity that reflects the national proportion [7].




2.2. Search Strategy and Data Source


PubMed and Web of Science were searched for studies published between 2018 and 2022 using the following terms: UK Biobank, diet*. Articles that met the following eligibility criteria were included: conducted in the UK Biobank using Food Frequency Questionnaire (FFQ), 24 h Oxford WebQ, and/or Food Preference Questionnaire (FPQ); assessed individual foods (e.g., oranges or red meat), complex dietary patterns (e.g., Mediterranean diet or plant-based diet), a priori-defined diet/health indices (e.g., healthful plant-based diet index), and/or specific nutrients (e.g., trans fats) as predictor variables; and examined the relation of food to NCDs in which the environmental factor is known as a risk factor (e.g., cancer, diabetes, cardiovascular disease, hypertension). We excluded studies that focused on food intake for deficiency diseases; investigated the effect of food on NCDs related to cognitive or brain function (such as dementia or Alzheimer’s); or were the only one of their kind for examining a disease, so we could not compare their findings with other relevant studies. Studies combining the UK Biobank with other cohorts were included in this review.




2.3. Data Extraction and Quality Assessment


Data on the effect size of selected studies were compiled in Excel 2016 (Microsoft, Redmond, WA, USA). The Newcastle–Ottawa scale was used to assess the quality of studies included in the summary statistic of effect estimates [8], which assigns a maximum of 9 points to each study. We assigned a quality score to each study based on the following criteria: 0–3 points for low quality, 4–6 points for moderate quality, and 7–9 points for high quality.




2.4. Data Analysis and Presentation of Results


The summary of effect estimates combines results from several studies that reported the hazard ratios (HRs) and 95% confidence intervals (CIs) of maximally adjusted models for similar diet exposures. For studies that categorised healthy dietary pattern adherence using dietary indices, we used the risk estimate that compared the highest to the lowest adherence category. When studies used specific dietary patterns (e.g., “healthy” vs. “unhealthy”), we focused on the pattern defined as “healthy” and compared its risk estimate to the “unhealthy” dietary pattern. For studies reporting varying intake proportions, we used the risk estimate that compared the highest to the lowest/no intake. For studies that reported the effect as an odds ratio (OR), the value was converted to an HR following an optimal calculation as described elsewhere [9]. Bubble plots were created to visually display the distribution of effects. In each bubble, the y-axis represented the effect size, while the x-axis represented the dietary focus. The colours of the bubbles indicated the level of significance (green for statistically significant results (p < 0.05), red for statistically nonsignificant results (p ≥ 0.05), black for cases where no p-value was reported). Descriptive statistics (median and interquartile range) were used to summarise the effect across these studies. Additionally, box-and-whisker plots were employed to assess whether the distribution of effects varied by disease type. All analyses were performed using R version 4.2.1 (R Foundation for Statistical Computing, Vienna, Austria) and RStudio version 2023.06.1-524 (RStudio, Boston, MA, USA).





3. Results


3.1. Dietary Studies Conducted on the UK Biobank


Initial searches found 346 potential studies for inclusion. Following selection, we reviewed the findings from 36 relevant studies meeting the criteria set out in the Methods, consisting of eleven studies of CVD, ten studies of cancer, eight studies of T2DM, and seven studies of other NCDs (Figure 1).



The characteristics of the studies meeting our criteria are presented in Table 1, with the number of participants ranging from 5000 to 400,000 depending on the number of cases of incidence. All studies used an observatory design, including Mendelian randomisation. The quality assessment using the Newcastle–Ottawa scale revealed that the studies included in the summary statistic of effect estimates are categorised as high-quality with only one medium-quality study (score = 6).




3.2. Dietary Assessments in the UK Biobank


The UK Biobank integrated the Food Frequency Questionnaire (FFQ) into a baseline touch-screen questionnaire to record participants’ usual intake over a year. There were 29 items about diet in the touch-screen questionnaire, which mainly focused on the frequency of consumption of specific food groups. Dietary data were collected using the FFQ during the initial assessment visit (2006–2010). Several studies have utilised UK Biobank dietary data from the FFQ to find an association of disease risk not only with individual food types [19,21,24,26,28,39,41,42,44], but also with dietary patterns [13,29,31] and dietary indices [16,17,30,35,37,40].



The second dietary assessment is the Oxford WebQ, a web-based 24 h dietary recall instrument, developed for UK Biobank studies, which has been validated [46,47] and used for multiday dietary intake assessment [48]. The 24 h dietary recall data were collected during baseline volunteer interviews (April 2009 to September 2009) and collection was repeated at four different time points to assess seasonal variations. It is hard to derive quantitative nutrient intake data on a per-day basis from the FFQ, even when using a semi-quantitative FFQ where the portion size for each consumption is queried. Thus, several studies have combined FFQ with 24 h dietary recall to adjust for individual energy and nutrient intake [22,23,25,27,38]. Measurement bias could arise from the lack of repeated 24 h recalls. For a study that addresses a particular nutrient, especially micronutrients and supplements, it is important to use data from multiple days because a discrepancy between actual intake and reported intake is likely to occur as a result of supplements, or micronutrient-rich food sources, that are usually consumed just a few times per week and not every day [49]. The minimum number of repeated days required to adequately estimate nutrient intake is 4–8 days and varies depending on gender, BMI, and age group [50,51,52]. Carter et al. [53] suggested that two repeated measurements are acceptable to give a better strength of diet–disease associations. However, only a few have used a minimum of two repeated datasets [10,18,23,32,33,45].



It may be more convenient and precise to recall food preferences than to recall consumption, making it preferable to evaluate dietary behaviours. The UK Biobank developed the third dietary assessment, the Food Preference Questionnaire (FPQ), with food items not only typical for the UK population but also commonly found worldwide. The questionnaire consists of 150 items, including food items that reflect foodstuff preferences (fruit, vegetables, meat, etc.), sensory preferences (bitter, sweet, etc.), and factors associated with healthy behaviour (exercise, smoking, television viewing, etc.). The preference was measured using a 9-point hedonic scale. The UK Biobank participants were invited to complete the FPQ in 2019. None of the studies included in this review used the FPQ for assessing diet–disease relationships. This leaves an opportunity for researchers to utilise this tool in future investigations.



In contrast to CVD, which largely used data from the 24 h dietary recall, researchers with cancer as their main health outcome mainly used FFQ to find an association. Previously, Kristal et al. [54] pointed out the low level of association between diet and cancer made by FFQ. This is evident from the inconsistent findings of the UK Biobank study, which found different associations between food groups and the same type of cancer. For example, meat intake and lung cancer statistically correlated in some studies [21,22] but not others [23].



Several other non-communicable diseases have been studied, including gout [39,40], inflammatory bowel diseases [41,42,43], and rheumatoid arthritis [44,45]. In most of these studies, to find a correlation between different food groups and diseases, FFQ is used for dietary assessment. With animal-protein-based food becoming a common focus, the association with the diseases observed was often mild. Therefore, it remains unclear which diet/food group has the most beneficial effect on health.




3.3. Summary of the Effect Estimates of Diet on Health Outcomes in the UK Biobank


Cardiovascular disease (CVD), cancer, and type 2 diabetes mellitus (T2DM) are among the leading causes of morbidity and mortality worldwide. Many researchers using UK Biobank data have studied how diet can help prevent these conditions. This section briefly reviews the studies on diet and these diseases, and then summarises the most consistent and significant findings on specific diet/food types.



3.3.1. Cardiovascular Disease (CVD)


Dietary indices are often the parameter used to measure diet and CVD incidence in UK Biobank studies (Figure 2). Dietary pattern observations, as opposed to data on a single food group, tend to offer more conclusive findings across the studies, in which a healthy diet is found to be associated with a decrease in CVD incidence and mortality [10,11,12,13,15,16,17,18]. There are several definitions of a healthy diet used in these studies. These studies emphasise a high consumption of plant-based foods, a moderate intake of animal-based foods, and a limited intake of refined grains, processed meats, sugar-sweetened beverages, and foods high in sodium, saturated fat, and added sugars as the most used characteristics [12,16,17,18]. Others focused on a plant-based diet [11,15].



When the basis of association is on a single food group or macronutrient, the outcome can be different for the same type of food. One study found an association between processed food and CVD incidence but not CVD mortality [14]. Feng et al. [19] found a benefit of consuming raw vegetables to decrease CVD incidence risk but no benefit of cooked vegetables. Although two studies agree on the effect of a high intake of fibre, sugar, and saturated fatty acids (SFAs), their results are not conclusive [10,20]. Ho et al. [20] reported that macronutrients have non-linear associations, which may influence their effects.




3.3.2. Cancer


Several studies have found a conclusive positive association between red meat or processed meat and colorectal cancer risk [23,27,28] (Figure 3). Moreover, some diet types that limit or exclude meat consumption (such as fish eaters and vegetarians) showed a beneficial effect on lowering cancer risk [29]. Studies that followed a healthy diet (with adequate fruits, vegetables, fish, and whole grains, and limited processed and red meats and refined grains) also observed a lower colorectal cancer risk [29,30]. This result is similar to those reported by the European Prospective Investigation into Cancer and Nutrition (EPIC) [55]. However, the results obtained by Wu et al. [30] suggest that genetics may be more important than diet in preventing colorectal cancer, as they observed a lower hazard ratio (HR) of 0.44 for low genetic risk and favourable lifestyle, compared to 0.73 for high genetic risk and favourable lifestyle, and 0.92 for healthy diet alone.



Most of the studies found no significant evidence or a mild association of their food group with any types of cancer [21,24,25,26]. A possible explanation for this might be in part due to the questionable selection of a single food group/type instead of a dietary pattern to detect association. Focus on certain beverages such as coffee [26] might not be a good predictor as the quantity of nutrient intake is too small to give a beneficial impact. While Jin et al. observed that dried fruit intake gave a meaningful decreased risk for breast and lung cancer [24], when looking at the confidence interval, the wide CI suggests a less precise estimate.




3.3.3. Type 2 Diabetes Mellitus (T2DM)


Type 2 diabetes mellitus results from a combination of genetic and lifestyle factors, in which its development is thought to be greatly influenced by diet. The interest in finding links between diet and T2DM by combining UK Biobank data with other study cohorts has been high, in the hope of generating conclusive findings [32]. There is a clear message from the literature on T2DM and diet [34,35,36,37], which is in agreement with the wider research findings [56,57] that a healthy diet has potential for reducing the risk of diabetes. Briefly, a vegetarian diet showed no effect, but instead a balanced diet and high diet quality score were associated with lower diabetes risk [31,34,35,36,37] (Figure 4). A consideration of dietary pattern based on fat types showed no association with T2DM [33], while fish consumption was found to give different associations depending on the type of fish [38]. Unlike CVD, whose association with meat eating has been proven repeatedly in prospective cohort studies [58,59], the relation with T2DM is still vague [34,35,36,37,56,57].




3.3.4. Range and Distribution of Healthy Diet, Red Meat, and Processed Meat


Several studies have demonstrated that a healthy diet, red meat intake, and processed meat intake show consistent results on CVD, T2DM, and some cancer types (colorectal and lung). The median effect estimates were used to summarise the range and distribution of the observed effects. The median HRs of a healthy diet were 0.92 (interquartile range 0.92 to 0.92; n studies = 2), 0.83 (interquartile range 0.79 to 0.86; n studies = 3), and 0.89 (interquartile range 0.82 to 0.91; n studies = 5) for colorectal cancer, CVD incidence, and T2DM incidence, respectively (Figure 5a). The definitions of a healthy diet across these studies are varied, but they share common characteristics: consuming various food types, at least three servings/day of whole grains, fruits, and vegetables, and meat and processed meat less than twice a week.



Processed meat and red meat increase the risk of lung cancer more than colorectal cancer based on the median HR (Figure 5b). Specifically, processed meat increases the risk of colorectal cancer and lung cancer by 18.5% (n studies = 4) and 30% (n studies = 4), respectively. Red meat consumption increases the risk of colorectal cancer and lung cancer by 20% (n studies = 2) and 34% (n studies = 2), respectively.






4. Discussion


The UK Biobank provides a variety of data on diet, enabling a study of its relationship with disease outcome, but this can only be achieved when conclusions on diet–disease relationships are drawn correctly. This is one of the benefits of meta-analyses. Thus, our analysis set out to summarise the findings for associations of diet with risk of three health outcomes in the UK Biobank population. Non-communicable diseases (NCDs) tend to result from genetic, physiological, environmental, and behavioural factors in combination.



The Food Preference Questionnaire, which explores behavioural factors and has not been widely used in research, can in the future be analysed to reveal the diet–disease relationship in combination with entities like polygenic risk, or epigenomic characterisation scores derived for specific diseases. An example use of this questionnaire in the UK Biobank was given by May-Wilson et al. [60], who used hierarchical factor analysis (HFA) to find three clusters of foods (highly palatable, low caloric, and acquired food) and how different genetic predispositions contributed to these three food clusters.



A comparison of the findings with those of other meta-analysis studies confirms that a high adherence to healthy diet guidelines provided by health authorities/organisations (e.g., WHO, AHA, ADA) appears to be protective for CVD, lung cancer, colorectal cancer, and T2DM [61,62,63,64,65]. The association between diet and cancer has been investigated by various systematic reviews and meta-analyses of observational and experimental studies, where a healthy diet score/pattern was mainly linked to a decreased risk of colorectal and lung cancer, but not all types of cancer [63,64,65]. This supports our finding that a cancer–diet association might only prevail in certain anatomical sites. These associations may reflect the biological mechanisms of these dietary factors on hormonal levels, inflammation, oxidative stress, insulin resistance, and microbiota composition, which are potential pathways for carcinogenesis [65]. The focus on healthy dietary patterns that incorporate a variety of foods, instead of a single food group/nutrient, give stronger associations for CVD and T2DM [61,62,66].



There is abundant room for further progress in incorporating multi-omics for investigating diet–disease associations. Walker et al. [67] found that certain proteins related to cell function and immunity correlated to diet. They also found that three healthy dietary patterns (Alternative Healthy Eating Index (AHEI), the Dietary Approaches to Stop Hypertension (DASH) diet, and a Mediterranean-style (MDS) diet) shared a common metabolic profile of 24 lipids. Another study found that AHEI was linked to specific fatty acids that lowered the risk of cardiovascular diseases [68], while MDS and DASH influenced glucose metabolism through circulating metabolites, which suggest prevention strategies for T2DM [69].



The studies we have seen to date have some limitations and challenges that need to be addressed in future research using UK Biobank data. First, the use of single dietary assessment methods for one time point only, such as FFQ or 24 h dietary recall, may introduce measurement errors and bias, especially when comparing results across studies. Second, the focus on single food groups or macronutrients may not capture the complexity and intricacy of dietary components. Moreover, the classification of dietary exposure into binary groups (i.e., ≥2/week vs. <2/week for meat intake) may oversimplify the dose–response relationship between diet and disease and ignore the potential threshold of intake. Combining several biomarker risk scores, including multi-omics biomarkers, or genetic risk scores with data on morbidities will provide a better prediction of the diet–disease relationship.



In conclusion, the effect of diet on different health outcomes was investigated in the current review. The results showed that a conventionally “healthy” dietary pattern had a significant impact but less than expected on the reduced risk of CVD, colorectal cancer, and T2DM. These findings suggest that diet may play an important role in preventing specific types of chronic diseases and shows that the UK Biobank cohort data agree with other epidemiological studies, validating their value for further research based on the multiple omics (epigenome, genome, proteome, metabolome) and questionnaire data available on UK Biobank volunteers.







Author Contributions


H.F.N. conceived and designed the study, performed the literature search, screened the eligible studies, extracted and analysed the data, and drafted the manuscript. S.L.-N. designed the study, screened the eligible studies, contributed to the interpretation of the results, revised the manuscript critically for important intellectual content, and approved the final version. A.D.W. and N.G. contributed to the interpretation of the results, revised the manuscript critically for important intellectual content, and approved the final version. All authors agreed to be accountable for all aspects of the work. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


No new data were created or analysed in this study. Data sharing is not applicable to this article.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Steck, S.E.; Murphy, E.A. Dietary Patterns and Cancer Risk. Nat. Rev. Cancer 2020, 20, 125–138. [Google Scholar] [CrossRef]

	



Georgousopoulou, E.N.; Pitsavos, C.; Yannakoulia, M.; Panagiotakos, D.B. The Role of Dietary Patterns’ Assessment in the Predictive Ability of Cardiovascular Disease Risk Estimation Models: A Review. Int. J. Food Sci. Nutr. 2014, 65, 3–8. [Google Scholar] [CrossRef] [PubMed]

	



Allen, N.; Sudlow, C.; Downey, P.; Peakman, T.; Danesh, J.; Elliott, P.; Gallacher, J.; Green, J.; Matthews, P.; Pell, J.; et al. UK Biobank: Current Status and What It Means for Epidemiology. Health Policy Technol. 2012, 1, 123–126. [Google Scholar] [CrossRef]

	



Jacobs, D.R.; Tapsell, L.C. Food, Not Nutrients, Is the Fundamental Unit in Nutrition. Nutr. Rev. 2008, 65, 439–450. [Google Scholar] [CrossRef] [PubMed]

	



Schulze, M.B.; Martínez-González, M.A.; Fung, T.T.; Lichtenstein, A.H.; Forouhi, N.G. Food Based Dietary Patterns and Chronic Disease Prevention. BMJ 2018, 361, k2396. [Google Scholar] [CrossRef]

	



Fry, A.; Littlejohns, T.J.; Sudlow, C.; Doherty, N.; Adamska, L.; Sprosen, T.; Collins, R.; Allen, N.E. Comparison of Sociodemographic and Health-Related Characteristics of UK Biobank Participants With Those of the General Population. Am. J. Epidemiol. 2017, 186, 1026–1034. [Google Scholar] [CrossRef] [PubMed]

	



Sudlow, C.; Gallacher, J.; Allen, N.; Beral, V.; Burton, P.; Danesh, J.; Downey, P.; Elliott, P.; Green, J.; Landray, M.; et al. UK Biobank: An Open Access Resource for Identifying the Causes of a Wide Range of Complex Diseases of Middle and Old Age. PLoS Med. 2015, 12, e1001779. [Google Scholar] [CrossRef] [PubMed]

	



Wells, G.A.; Shea, B.; O’Connell, D.; Peterson, J.; Welch, V.; Losos, M.; Tugwell, P. The Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Nonrandomised Studies in Meta-Analyses. In 3rd Symposium on Systematic Reviews: Beyond the Basics; Cochrane: Oxford, UK, 2000. [Google Scholar]

	



VanderWeele, T.J. Optimal Approximate Conversions of Odds Ratios and Hazard Ratios to Risk Ratios. Biometrics 2020, 76, 746–752. [Google Scholar] [CrossRef]

	



McKenzie, B.L.; Harris, K.; Peters, S.A.E.; Webster, J.; Woodward, M. The Association of Energy and Macronutrient Intake with All-Cause, Cardiovascular Disease and Dementia: Findings from 120 963 and Men in the UK Biobank. Br. J. Nutr. 2022, 127, 1858–1867. [Google Scholar] [CrossRef]

	



Heianza, Y.; Zhou, T.; Sun, D.; Hu, F.B.; Manson, J.E.; Qi, L. Genetic Susceptibility, Plant-Based Dietary Patterns, and Risk of cardiovascular Disease. Am. J. Clin. Nutr. 2020, 112, 220–228. [Google Scholar] [CrossRef]

	



Brassard, D.; Manikpurage, H.D.; Theriault, S.; Arsenault, B.J.; Lamarche, B. Greater Adherence to the 2019 Canada’s Food Guide Recommendations on healthy Food Choices Reduces the Risk of Cardiovascular Disease in adults: A Prospective Analysis of UK Biobank Data. Am. J. Clin. Nutr. 2022, 116, 1748–1758. [Google Scholar] [CrossRef]

	



Petermann-Rocha, F.; Parra-Soto, S.; Gray, S.; Anderson, J.; Welsh, P.; Gill, J.; Sattar, N.; Ho, F.K.; Celis-Morales, C.; Pell, J.P. Vegetarians, Fish, Poultry, and Meat-Eaters: Who Has Higher Risk of cardiovascular Disease Incidence and Mortality? A Prospective Study from UK Biobank. Eur. Heart J. 2021, 42, 1136–1143. [Google Scholar] [CrossRef]

	



Chen, X.; Chu, J.; Hu, W.; Sun, N.; He, Q.; Liu, S.; Feng, Z.; Li, T.; Han, Q.; Shen, Y. Associations of Ultra-Processed Food Consumption with Cardiovascular and All-Cause Mortality: UK Biobank. Eur. J. Public Health 2022, 32, 779–785. [Google Scholar] [CrossRef]

	



Heianza, Y.; Zhou, T.; Sun, D.; Hu, F.B.; Qi, L. Healthful Plant-Based Dietary Patterns, Genetic Risk of Obesity, and cardiovascular Risk in the UK Biobank Study. Clin. Nutr. 2021, 40, 4694–4701. [Google Scholar] [CrossRef] [PubMed]

	



Ding, D.; Van Buskirk, J.; Nguyen, B.; Stamatakis, E.; Elbarbary, M.; Veronese, N.; Clare Philip, J.; Lee, I.-M.; Ekelund, U.; Fontana, L. Physical Activity, Diet Quality and All-Cause Cardiovascular Disease and cancer Mortality: A Prospective Study of 346 627 UK Biobank Participants. Br. J. Sports Med. 2022, 56, 1148–1156. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, Y.-B.; Chen, C.; Pan, X.-F.; Guo, J.; Li, Y.; Franco, O.H.; Liu, G.; Pan, A. Associations of Healthy Lifestyle and Socioeconomic Status with mortality and Incident Cardiovascular Disease: Two Prospective Cohort. BMJ-Br. Med. J. 2021, 372, n604. [Google Scholar] [CrossRef] [PubMed]

	



Livingstone, K.M.; Abbott, G.; Bowe, S.J.; Ward, J.; Milte, C.; McNaughton, S.A. Diet Quality Indices, Genetic Risk and Risk of Cardiovascular disease and Mortality: A Longitudinal Analysis of 77 004 UK Biobank Participants. BMJ Open 2021, 11, e045362. [Google Scholar] [CrossRef] [PubMed]

	



Feng, Q.; Kim, J.H.; Omiyale, W.; Besevic, J.; Conroy, M.; May, M.; Yang, Z.; Wong, S.Y.; Tsoi, K.K.; Allen, N.; et al. Raw and Cooked Vegetable Consumption and Risk of Cardiovascular Disease: A Study of 400,000 Adults in UK Biobank. Front. Nutr. 2022, 9, 831470. [Google Scholar] [CrossRef] [PubMed]

	



Ho, F.K.; Gray, S.R.; Welsh, P.; Petermann-Rocha, F.; Foster, H.; Waddell, H.; Anderson, J.; Lyall, D.; Sattar, N.; Gill, J.M.R.; et al. Associations of Fat and Carbohydrate Intake with Cardiovascular disease and Mortality: Prospective Cohort Study of UK Biobank Participants. BMJ-Br. Med. J. 2020, 368, m688. [Google Scholar] [CrossRef] [PubMed]

	



Wu, K.; Liu, L.; Shu, T.; Li, A.; Xia, D.; Sun, X. The Relationship between Processed Meat, Red Meat, and Risk of Types of cancer: A Mendelian Randomization Study. Front. Nutr. 2022, 9, 942155. [Google Scholar] [CrossRef]

	



Wei, X.; Zhu, C.; Ji, M.; Fan, J.; Xie, J.; Huang, Y.; Jiang, X.; Xu, J.; Yin, R.; Du, L.; et al. Diet and Risk of Incident Lung Cancer: A Large Prospective Cohort Study in UK Biobank. Am. J. Clin. Nutr. 2021, 114, 2043–2051. [Google Scholar] [CrossRef] [PubMed]

	



Knuppel, A.; Papier, K.; Fensom, G.K.; Appleby, P.N.; Schmidt, J.A.; Tong, T.Y.N.; Travis Ruth, C.; Key, T.J.; Perez-Cornago, A. Meat Intake and Cancer Risk: Prospective Analyses in UK Biobank. Int. J. Epidemiol. 2020, 49, 1540–1552. [Google Scholar] [CrossRef]

	



Jin, C.; Li, R.; Deng, T.; Lin, Z.; Li, H.; Yang, Y.; Su, Q.; Wang, J.; Yang, Y.; Wang, J.; et al. Association between Dried Fruit Intake and Pan-Cancers Incidence Risk: A-Sample Mendelian Randomization Study. Front. Nutr. 2022, 9, 899137. [Google Scholar] [CrossRef]

	



Liu, Z.; Luo, Y.; Ren, J.; Yang, L.; Li, J.; Wei, Z.; He, Y.; Wang, J.; Li, R.; He, L.; et al. Association between Fish Oil Supplementation and Cancer Risk according to Fatty Fish Consumption: A Large Prospective Population-Based Cohort Using UK Biobank. Int. J. Cancer 2022, 150, 562–571. [Google Scholar] [CrossRef] [PubMed]

	



Tran, K.T.; Coleman, H.G.; McMenamin, U.C.; Cardwell, C.R. Coffee Consumption by Type and Risk of Digestive Cancer: A Large Cohort Study. Br. J. Cancer 2019, 120, 1059–1066. [Google Scholar] [CrossRef] [PubMed]

	



Bradbury, K.E.; Murphy, N.; Key, T.J. Diet and Colorectal Cancer in UK Biobank: A Prospective Study. Int. J. Epidemiol. 2020, 49, 246–258. [Google Scholar] [CrossRef] [PubMed]

	



Feng, Q.; Wong, S.H.; Zheng, J.; Yang, Q.; Sung, J.J.Y.; Tsoi, K.K.F. Intake of Processed Meat, but Not Sodium, Is Associated with Risk of colorectal Cancer: Evidence from a Large Prospective Cohort and two-Sample Mendelian Randomization. Clin. Nutr. 2021, 40, 4551–4559. [Google Scholar] [CrossRef] [PubMed]

	



Watling, C.Z.; Schmidt, J.A.; Dunneram, Y.; Tong, T.Y.N.; Kelly, R.K.; Knuppel, A.; Travis Ruth, C.; Key, T.J.; Perez-Cornago, A. Risk of Cancer in Regular and Low Meat-Eaters, Fish-Eaters, and vegetarians: A Prospective Analysis of UK Biobank Participants. BMC Med. 2022, 20, 73. [Google Scholar] [CrossRef]

	



Wu, E.; Ni, J.-T.; Chen, X.; Zhu, Z.-H.; Xu, H.-Q.; Tao, L.; Xie, T. Genetic Risk, Incident Colorectal Cancer, and the Benefits of adhering to a Healthy Lifestyle: A Prospective Study Using Data from UK Biobank and FinnGen. Front. Oncol. 2022, 12, 894086. [Google Scholar] [CrossRef]

	



Boonpor, J.; Petermann-Rocha, F.; Parra-Soto, S.; Pell, J.P.; Gray, S.R.; Celis-Morales, C.; Ho, F.K. Types of Diet, Obesity, and Incident Type 2 Diabetes: Findings from the UK Biobank Prospective Cohort Study. Diabetes Obes. Metab. 2022, 24, 1351–1359. [Google Scholar] [CrossRef]

	



Li, J.; Glenn, A.J.; Yang, Q.; Ding, D.; Zheng, L.; Bao, W.; Beasley, J.; LeBlanc, E.; Lo, K.; Manson, J.E.; et al. Dietary Protein Sources, Mediating Biomarkers, and Incidence of Type 2: Findings From the Women’s Health Initiative and the UK Biobank. Diabetes Care 2022, 45, 1742–1753. [Google Scholar] [CrossRef]

	



Brayner, B.; Kaur, G.; Keske, M.A.; Perez-Cornago, A.; Piernas, C.; Livingstone, K.M. Dietary Patterns Characterized by Fat Type in Association with Obesity and Type 2 Diabetes: A Longitudinal Study of UK Biobank Participants. J. Nutr. 2021, 151, 3570–3578. [Google Scholar] [CrossRef]

	



Andre, P.; Proctor, G.; Driollet, B.; Garcia-Esquinas, E.; Lopez-Garcia, E.; Gomez-Cabrero, D.; Neyraud, E.; Rodriguez-Artalejo, F.; Morzel, M.; Feart, C. The Role of Overweight in the Association between the Mediterranean diet and the Risk of Type 2 Diabetes Mellitus: A Mediation Analysis among 21 UK Biobank Participants. Int. J. Epidemiol. 2020, 49, 1582–1590. [Google Scholar] [CrossRef]

	



Song, Z.; Yang, R.; Wang, W.; Huang, N.; Zhuang, Z.; Han, Y.; Qi, L.; Xu, M.; Tang, Y.; Huang, T. Association of Healthy Lifestyle Including a Healthy Sleep Pattern with incident Type 2 Diabetes Mellitus among Individuals with Hypertension. Cardiovasc. Diabetol. 2021, 20, 239. [Google Scholar] [CrossRef] [PubMed]

	



Xu, C.; Cao, Z.; Yang, H.; Hou, Y.; Wang, X.; Wang, Y. Association Between the EAT-Lancet Diet Pattern and Risk of Type 2: A Prospective Cohort Study. Front. Nutr. 2022, 8, 784018. [Google Scholar] [CrossRef] [PubMed]

	



Zhuang, P.; Liu, X.; Li, Y.; Wan, X.; Wu, Y.; Wu, F.; Zhang, Y.; Jiao, J. Effect of Diet Quality and Genetic Predisposition on Hemoglobin A(1c) and Type 2 Diabetes Risk: Gene-Diet Interaction Analysis of 357,419. Diabetes Care 2021, 44, 2470–2479. [Google Scholar] [CrossRef] [PubMed]

	



Chen, G.-C.; Arthur, R.; Qin, L.-Q.; Chen, L.-H.; Mei, Z.; Zheng, Y.; Li, Y.; Wang, T.; Rohan, T.E.; Qi, Q. Association of Oily and Nonoily Fish Consumption and Fish Oil With Incident Type 2 Diabetes: A Large Population-Based Study. Diabetes Care 2021, 44, 672–680. [Google Scholar] [CrossRef] [PubMed]

	



Hutton, J.; Fatima, T.; Major, T.J.; Topless, R.; Stamp, L.K.; Merriman, T.R.; Dalbeth, N. Mediation Analysis to Understand Genetic Relationships between Habitual Intake and Gout. Arthritis Res. Ther. 2018, 20, 135. [Google Scholar] [CrossRef]

	



Zhang, Y.; Yang, R.; Dove, A.; Li, X.; Yang, H.; Li, S.; Wang, J.; Li, W.-D.; Zhao, H.; Xu, W.; et al. Healthy Lifestyle Counteracts the Risk Effect of Genetic Factors on incident Gout: A Large Population-Based Longitudinal Study. BMC Med. 2022, 20, 138. [Google Scholar] [CrossRef] [PubMed]

	



Chen, H.; Fu, T.; Dan, L.; Chen, X.; Sun, Y.; Chen, J.; Wang, X.; Hesketh, T. Meat Consumption and All-Cause Mortality in 5763 Patients with inflammatory Bowel Disease: A Retrospective Cohort Study. EClinicalMedicine 2022, 47, 101406. [Google Scholar] [CrossRef]

	



Huang, X.; Li, Y.; Zhuang, P.; Liu, X.; Zhang, Y.; Zhang, P.; Jiao, J. Habitual Fish Oil Supplementation and Risk of Incident Inflammatory Diseases: A Prospective Population-Based Study. Front. Nutr. 2022, 9, 905162. [Google Scholar] [CrossRef]

	



Fu, T.; Ye, S.; Sun, Y.; Dan, L.; Wang, X.; Chen, J. Greater Adherence to Cardioprotective Diet Can Reduce Inflammatory Bowel Risk: A Longitudinal Cohort Study. Nutrients 2022, 14, 4058. [Google Scholar] [CrossRef]

	



Mazzucca, C.B.; Scotti, L.; Cappellano, G.; Barone-Adesi, F.; Chiocchetti, A. Nutrition and Rheumatoid Arthritis Onset: A Prospective Analysis Using the UK Biobank. Nutrients 2022, 14, 1554. [Google Scholar] [CrossRef]

	



Chen, W.; Liu, K.; Huang, L.; Mao, Y.; Wen, C.; Ye, D.; He, Z. Beef Intake and Risk of Rheumatoid Arthritis: Insights from a cross-Sectional Study and Two-Sample Mendelian Randomization. Front. Nutr. 2022, 9, 923472. [Google Scholar] [CrossRef]

	



Greenwood, D.C.; Hardie, L.J.; Frost, G.S.; Alwan, N.A.; Bradbury, K.E.; Carter, M.; Elliott, P.; Evans, C.E.L.; Ford, H.E.; Hancock, N.; et al. Validation of the Oxford WebQ Online 24-Hour Dietary Questionnaire Using. Am. J. Epidemiol. 2019, 188, 1858–1867. [Google Scholar] [CrossRef]

	



Liu, B.; Young, H.; Crowe, F.L.; Benson, V.S.; Spencer, E.A.; Key, T.J.; Appleby, P.N.; Beral, V. Development and Evaluation of the Oxford WebQ, a Low-Cost, Web-Based for Assessment of Previous 24 h Dietary Intakes in Large-Scale Studies. Public Health Nutr. 2011, 14, 1998–2005. [Google Scholar] [CrossRef]

	



Galante, J.; Adamska, L.; Young, A.; Young, H.; Littlejohns, T.J.; Gallacher, J.; Allen, N. The Acceptability of Repeat Internet-Based Hybrid Diet Assessment of previous 24-h Dietary Intake: Administration of the Oxford WebQ in UK. Br. J. Nutr. 2016, 115, 681–686. [Google Scholar] [CrossRef]

	



Darling, A.L.; Blackbourn, D.J.; Ahmadi, K.R.; Lanham-New, S.A. Vitamin D Supplement Use and Associated Demographic, Dietary and Lifestyle Factors in 8024 South Asians Aged 40–69 Years: Analysis of the UK Biobank Cohort. Public Health Nutr. 2018, 21, 2678–2688. [Google Scholar] [CrossRef] [PubMed]

	



Holmes, B.; Dick, K.; Nelson, M. A Comparison of Four Dietary Assessment Methods in Materially Deprived Households in England. Public Health Nutr. 2008, 11, 444–456. [Google Scholar] [CrossRef] [PubMed]

	



Jackson, K.A.; Byrne, N.M.; Magarey, A.M.; Hills, A.P. Minimizing Random Error in Dietary Intakes Assessed by 24-h Recall, in Overweight and Obese Adults. Eur. J. Clin. Nutr. 2008, 62, 537–543. [Google Scholar] [CrossRef] [PubMed]

	



Stote, K.S.; Radecki, S.V.; Moshfegh, A.J.; Ingwersen, L.A.; Baer, D.J. The Number of 24 h Dietary Recalls Using the US Department of Agriculture’s Automated Multiple-Pass Method Required to Estimate Nutrient Intake in Overweight and Obese Adults. Public Health Nutr. 2011, 14, 1736–1742. [Google Scholar] [CrossRef]

	



Carter, J.L.; Lewington, S.; Piernas, C.; Bradbury, K.; Key, T.J.; Jebb, S.A.; Arnold, M.; Bennett, D.; Clarke, R. Reproducibility of Dietary Intakes of Macronutrients, Specific Food, and Dietary Patterns in 211 050 Adults in the UK Biobank Study. J. Nutr. Sci. 2019, 8, e34. [Google Scholar] [CrossRef] [PubMed]

	



Kristal, A.R.; Peters, U.; Potter, J.D. Is It Time to Abandon the Food Frequency Questionnaire? Cancer Epidemiol. Biomark. Prev. 2005, 14, 2826–2828. [Google Scholar] [CrossRef] [PubMed]

	



Ubago-Guisado, E.; Rodríguez-Barranco, M.; Ching-López, A.; Petrova, D.; Molina-Montes, E.; Amiano, P.; Barricarte-Gurrea, A.; Chirlaque, M.-D.; Agudo, A.; Sánchez, M.-J. Evidence Update on the Relationship between Diet and the Most Common Cancers from the European Prospective Investigation into Cancer and Nutrition (EPIC) Study: A Systematic Review. Nutrients 2021, 13, 3582. [Google Scholar] [CrossRef] [PubMed]

	



Whiteley, C.; Benton, F.; Matwiejczyk, L.; Luscombe-Marsh, N. Determining Dietary Patterns to Recommend for Type 2 Diabetes: An Umbrella Review. Nutrients 2023, 15, 861. [Google Scholar] [CrossRef] [PubMed]

	



Jannasch, F.; Kröger, J.; Schulze, M.B. Dietary Patterns and Type 2 Diabetes: A Systematic Literature Review and Meta-Analysis of Prospective Studies. J. Nutr. 2017, 147, 1174–1182. [Google Scholar] [CrossRef] [PubMed]

	



Tong, T.Y.N.; Appleby, P.N.; Bradbury, K.E.; Perez-Cornago, A.; Travis, R.C.; Clarke, R.; Key, T.J. Risks of Ischaemic Heart Disease and Stroke in Meat Eaters, Fish Eaters, and Vegetarians over 18 Years of Follow-up: Results from the Prospective EPIC-Oxford Study. BMJ 2019, 366, l4897. [Google Scholar] [CrossRef] [PubMed]

	



Appleby, P.N.; Crowe, F.L.; Bradbury, K.E.; Travis, R.C.; Key, T.J. Mortality in Vegetarians and Comparable Nonvegetarians in the United Kingdom. Am. J. Clin. Nutr. 2016, 103, 218–230. [Google Scholar] [CrossRef] [PubMed]

	



May-Wilson, S.; Matoba, N.; Wade, K.H.; Hottenga, J.-J.; Concas, M.P.; Mangino, M.; Grzeszkowiak, E.J.; Menni, C.; Gasparini, P.; Timpson, N.J.; et al. Large-Scale GWAS of Food Liking Reveals Genetic Determinants and Genetic Correlations with Distinct Neurophysiological Traits. Nat. Commun. 2022, 13, 2743. [Google Scholar] [CrossRef]

	



Rodríguez-Monforte, M.; Flores-Mateo, G.; Sánchez, E. Dietary Patterns and CVD: A Systematic Review and Meta-Analysis of Observational Studies. Br. J. Nutr. 2015, 114, 1341–1359. [Google Scholar] [CrossRef]

	



Grosso, G.; Marventano, S.; Yang, J.; Micek, A.; Pajak, A.; Scalfi, L.; Galvano, F.; Kales, S.N. A Comprehensive Meta-Analysis on Evidence of Mediterranean Diet and Cardiovascular Disease: Are Individual Components Equal? Crit. Rev. Food Sci. Nutr. 2017, 57, 3218–3232. [Google Scholar] [CrossRef] [PubMed]

	



Magalhães, B.; Peleteiro, B.; Lunet, N. Dietary Patterns and Colorectal Cancer. Eur. J. Cancer Prev. 2012, 21, 15–23. [Google Scholar] [CrossRef] [PubMed]

	



Papadimitriou, N.; Markozannes, G.; Kanellopoulou, A.; Critselis, E.; Alhardan, S.; Karafousia, V.; Kasimis, J.C.; Katsaraki, C.; Papadopoulou, A.; Zografou, M.; et al. An Umbrella Review of the Evidence Associating Diet and Cancer Risk at 11 Anatomical Sites. Nat. Commun. 2021, 12, 4579. [Google Scholar] [CrossRef] [PubMed]

	



Grosso, G.; Bella, F.; Godos, J.; Sciacca, S.; Del Rio, D.; Ray, S.; Galvano, F.; Giovannucci, E.L. Possible Role of Diet in Cancer: Systematic Review and Multiple Meta-Analyses of Dietary Patterns, Lifestyle Factors, and Cancer Risk. Nutr. Rev. 2017, 75, 405–419. [Google Scholar] [CrossRef] [PubMed]

	



Esposito, K.; Chiodini, P.; Maiorino, M.I.; Bellastella, G.; Panagiotakos, D.; Giugliano, D. Which Diet for Prevention of Type 2 Diabetes? A Meta-Analysis of Prospective Studies. Endocrine 2014, 47, 107–116. [Google Scholar] [CrossRef]

	



Walker, M.E.; Song, R.J.; Xu, X.; Gerszten, R.E.; Ngo, D.; Clish, C.B.; Corlin, L.; Ma, J.; Xanthakis, V.; Jacques, P.F.; et al. Proteomic and Metabolomic Correlates of Healthy Dietary Patterns: The Framingham Heart Study. Nutrients 2020, 12, 1476. [Google Scholar] [CrossRef]

	



Akbaraly, T.; Würtz, P.; Singh-Manoux, A.; Shipley, M.J.; Haapakoski, R.; Lehto, M.; Desrumaux, C.; Kähönen, M.; Lehtimäki, T.; Mikkilä, V.; et al. Association of Circulating Metabolites with Healthy Diet and Risk of Cardiovascular Disease: Analysis of Two Cohort Studies. Sci. Rep. 2018, 8, 8620. [Google Scholar] [CrossRef]

	



Yu, E.Y.-W.; Ren, Z.; Mehrkanoon, S.; Stehouwer, C.D.A.; van Greevenbroek, M.M.J.; Eussen, S.J.P.M.; Zeegers, M.P.; Wesselius, A. Plasma Metabolomic Profiling of Dietary Patterns Associated with Glucose Metabolism Status: The Maastricht Study. BMC Med. 2022, 20, 450. [Google Scholar] [CrossRef]








[image: Nutrients 16 00523 g001] 





Figure 1. Selection of studies for the systematic review. 
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Figure 2. Summary of hazard ratio for the association between food/diet and CVD risk. The points represent different dietary patterns or food items or nutrients and types of CVD risk. The shape shows what kind of CVD outcome was studied (square for all-cause mortality; circle for CVD incidence; triangle for CVD mortality; diamond for myocardial infarction (MI) incidence). An HR of 1 (horizontal red dashed line) means no association. The colour of the points shows the significance level (grey for na = p-value not reported; red for ns = p-value ≥ 0.05; green for s = p value < 0.05). 
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Figure 3. Summary of hazard ratios for the association between food/diet and cancer risk. Each point represents the hazard ratio for a specific food item or dietary pattern and a type of cancer. The shape shows what kind of cancer outcome was studied (square for breast cancer; triangle for colon cancer; circle for colorectal cancer; diamond for lung cancer; square cross for overall cancer; circle plus for prostate cancer). Horizontal reference line (red dashed) set at 1 indicates no association. The significance level is indicated by the colour of the point (grey for na = p-value not reported; red for ns = p-value ≥ 0.05; green for s = p value < 0.05). 
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Figure 4. Summary of hazard ratio for the association between food/diet and type 2 diabetes mellitus risk. Each point corresponds to dietary pattern, food item, or nutrients. Horizontal reference line (red dashed line) set at 1 indicates no association. The significance level is shown by the colour of the point (grey for na = p-value not reported; red for ns = p-value ≥ 0.05; green for s = p value < 0.05). 
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Figure 5. Summary effect estimates of diet on cancer, CVD, and T2DM risk: (A) Boxplot show the median HR of healthy diet on colorectal cancer, CVD incidence, and T2DM incidence. (B) Boxplot show the median HR of processed meat and red meat consumption on colorectal and lung cancer. The median for each effect estimate is indicated by horizontal lines and the value is shown inside the boxes. 
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Table 1. Characteristics of studies included in the systematic review for CVD, cancer, T2DM, and other diseases in UK Biobank.
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Author

	
Year

	
Number of Participants

	
FFQ

	
24 h

Recall

	
Number of Repeated 24 h Recall

	
Dietary Focus






	
Cardiovascular Diseases




	
McKenzie et al. [10]

	
2022

	
120,963

	
no

	
yes

	
2–5

	
Nutrient intake




	
Heianza et al. [11] a

	
2020

	
156,148

	
no

	
yes

	
1–5

	
Dietary indices (healthy plant-based dietary patterns)




	
Brassard et al. [12] a

	
2022

	
136,698

	
no

	
yes

	
1–5

	
Dietary indices (healthy eating food index recommended by CFG)




	
Petermann-Rocha et al. [13]

	
2021

	
422,791

	
yes

	
no

	
N/A

	
Dietary pattern




	
Chen, X. et al. [14]

	
2022

	
60,298

	
no

	
yes

	
1

	
The proportion of UPFs energy to total energy




	
Heianza et al. [15] a

	
2021

	
121,799

	
no

	
yes

	
1–5

	
Dietary indices (healthy plant-based dietary patterns)




	
Ding et al. [16] a

	
2022

	
346,627

	
yes

	
no

	
N/A

	
Dietary indices (diet quality index recommended by AHA)




	
Zhang, Y.B. et al. [17] a,b

	
2021

	
399,537

	
yes

	
no

	
N/A

	
Diet indices (healthy eating index)




	
Livingstone et al. [18] a

	
2021

	
77,004

	
no

	
yes

	
2–4

	
Dietary indices (healthy diet index recommended by WHO)




	
Feng et al. [19]

	
2022

	
399,586

	
yes

	
no

	
N/A

	
Vegetable intake




	
Ho et al. [20]

	
2020

	
195,658

	
no

	
yes

	
1–5

	
Nutrient intake




	
Cancer

	

	

	

	

	

	




	
Wu, K. et al. [21] a

	
2022

	
461,981

	
yes

	
no

	
N/A

	
Meat and processed meat intake




	
Wei et al. [22] a

	
2021

	
416,588

	
yes

	
yes

	
1–5

	
Food group intake




	
Knuppel et al. [23] a

	
2020

	
474,996

	
yes

	
yes

	
3–5

	
Total meat intake




	
Jin et al. [24] b

	
2022

	
421,764

	
yes

	
no

	
N/A

	
Dried fruit intake




	
Liu, Z. et al. [25]

	
2022

	
470,804

	
yes

	
yes

	
1

	
Fish oil intake




	
Tran et al. [26]

	
2019

	
471,779

	
yes

	
no

	
N/A

	
Coffee intake




	
Bradbury et al. [27] a

	
2020

	
475,581

	
yes

	
yes

	
1–5

	
Food group intake




	
Feng et al. [28] a

	
2021

	
415,524

	
yes

	
no

	
N/A

	
Processed meat intake




	
Watling et al. [29] a

	
2022

	
472,377

	
yes

	
no

	
N/A

	
Dietary pattern




	
Wu, E. et al. [30] a,b

	
2022

	
390,365

	
yes

	
no

	
N/A

	
Dietary indices (diet quality index recommended by ACS)




	
Type 2 Diabetes Mellitus




	
Boonpor et al. [31]

	
2022

	
203,790

	
yes

	
no

	
N/A

	
Dietary pattern




	
Li et al. [32] b

	
2022

	
34,616

	
no

	
yes

	
4–5

	
Dietary protein group intake




	
Brayner et al. [33]

	
2021

	
16,523

	
no

	
yes

	
2–5

	
Dietary pattern




	
Andre et al. [34] a

	
2020

	
21,585

	
no

	
yes

	
1–5

	
Dietary indices (adherence to a Mediterranean-style diet)




	
Song et al. [35] a

	
2021

	
430,971

	
yes

	
no

	
N/A

	
Dietary indices (healthy diet index recommended by ADA)




	
Xu, C. et al. [36] a

	
2022

	
59,849

	
no

	
yes

	
1

	
Dietary indices (EAT-LDP score)




	
Zhuang et al. [37] a

	
2021

	
357,419

	
yes

	
no

	
N/A

	
Dietary indices (predefined diet quality score)




	
Chen, G.C. et al. [38]

	
2021

	
392,287

	
yes

	
yes

	
1–5

	
Fish intake




	
Gout

	

	

	

	

	

	




	
Hutton et al. [39]

	
2018

	
130,966

	
yes

	
no

	
N/A

	
Coffee intake




	
Zhang, Y. et al. [40]

	
2022

	
416,481

	
yes

	
no

	
N/A

	
Dietary quality




	
Inflammatory bowel disease




	
Chen, H. et al. [41]

	
2022

	
5763

	
yes

	
no

	
N/A

	
Meat intake




	
Huang et al. [42]

	
2022

	
447,890

	
yes

	
no

	
N/A

	
Fish oil intake




	
Fu et al. [43]

	
2022

	
121,490

	
no

	
yes

	
1–5

	
Sugar-sweetened beverage intake




	
Rheumatoid arthritis

	

	

	

	

	

	




	
Mazzucca et al. [44]

	
2022

	
479,494

	
yes

	
no

	
N/A

	
Food and beverage group intake




	
Chen, W. et al. [45]

	
2022

	
335,576

	
no

	
yes

	
2

	
Beef intake








a included in summary statistics; b studies in combination with other cohorts; ACS = American Cancer Society; ADA = American Diabetes Association; AHA = American Heart Association; CFG = Canada’s Food Guide; EAT-LDP = EAT-Lancet Dietary Pattern; FFQ= Food Frequency Questionnaire; UPFs = Ultra-Processed Foods; WHO = World Health Organization.
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