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Introduction: Food systems are challenged to provide healthy, sustainable and affordable foods. From a consumer perspective, identifying healthy, sustainable and affordable choices based on individual food products rather than diets could promote better shopping choices.

Objective: To identify foods and drinks with the highest nutritional quality and lowest greenhouse gas emissions (GHGE) and price. We also assessed how a combination of these indicators (e.g., nutritional quality, GHGE and price) for food categories aligned with current United Kingdom dietary recommendations.

Materials and Methods: We performed a secondary analysis of the National Diet and Nutrition Survey (NDNS) nutrient databank year 11 (2018/2019). Spearman correlation coefficients were used to assess the strength of relationships between nutritional quality, environmental impact and/or prices per 100 kcal. In addition, we developed an optimized nutritional quality, GHGE and price score for each food or drink item based on the overall medians for each of these indicators.

Results: Median nutritional value was highest for fruit and vegetables, whilst median GHGE and price was lower for starchy carbohydrates, fats and items of which consumption should be limited. The relative proportions of foods considered the most nutritious and with a low GHGE and price in each of the food categories, on a per 100 kcal basis, were comparable to the proportions in the Eatwell Guide, except for the proportion of fruits and vegetables being smaller and the proportion of potatoes, bread, rice, pasta, and other starchy carbohydrates being larger in our analysis.

Conclusion: Public health efforts should consider the impact of dietary choices not only in terms of nutritional quality but also in terms of environmental and economic impact. Our food-based analysis shows a large variation in nutritional quality, GHGE and price within and across food categories, which provides consumers with opportunities for “food swaps” that are more nutritious and have lower GHGE and price.
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INTRODUCTION

Increasingly, food systems are challenged to provide healthy, sustainable, and affordable foods for all to address the high burden of dietary-related diseases worldwide and address the environmental impact of dietary shifts (1–3). Adequate human diets need to consider nutritional balance, healthiness and address cultural acceptance, safety, access, economic fairness, and affordability. Furthermore, diets need to be protective and respectful of biodiversity and ecosystems while optimizing natural and human resources (4, 5). This requires a different approach for dietary guidelines to consider not only nutritional but also economic affordability, environmental impact, and cultural acceptability (6–8).

Dietary changes, especially those related to the amount and type of meat consumed, could reduce greenhouse gas emissions (GHGE) and land use demand by up to 50% (9). Diets high in plant-based foods are generally associated with lower GHGE and more beneficial health outcomes (10). Conversely, dietary patterns with lower GHGE show no consistent relationship with higher nutritional quality or improved health outcomes, but are correlated with elevated sugar levels and lower micronutrient intake (1). Also, reduced saturated fat and salt trends are associated with reduced GHGE in diets low in animal products (1).

Other characteristics relevant to healthy and sustainable dietary patterns, such as food prices, have been mostly overlooked (11). A previous study showed that across income quintiles, United Kingdom diets had similar GHGE, but the source of GHGE differed by types of food (e.g., meat or fruit and vegetables) (3). The dietary changes required to simultaneously improve GHGE and health outcomes were similar across income groups, including reducing animal-based products and increasing plant-based foods, with variations in specific foods depending on the income quintiles. Optimization studies have suggested that GHGE can be lowered for diets that still meet nutritional requirements (12, 13). Nevertheless, difficulties in changing eating habits to meet dietary improvement recommendations or national dietary guidelines have been reported (14).

Most studies thus far have considered the optimization of whole diets in terms of nutritional quality and environmental sustainability. Nevertheless, from a consumer’s perspective, identifying healthy, sustainable, and adequate food prices choices based on individual food products rather than whole diets could promote better shopping choices (15, 16). Previous evidence has suggested that a strategy based on simple substitutions within food subgroups or “food swaps” is effective in rapidly improving the nutritional adequacy of the diet (14, 17, 18). Recent research from the United States showcase that “food swaps” can substantially reduce environmental markers (e.g., carbon and water scarcity footprints) without compromising dietary quality (16). However, none of these studies has considered the environmental impact and food prices simultaneously. Indeed, multidimensional data on individual food and drink products is needed to optimize healthy, green, and affordable foods that could define optimal food swaps (4). This study aimed to identify food and drink items with the highest nutritional quality, the lowest GHGE and price, in the United Kingdom. We also assessed how the combination of these dimensions (nutritional quality, GHGE and price) for foods and food categories align with current United Kingdom dietary recommendations.



MATERIALS AND METHODS


Data

We used compositional data from the nearly 6,000 commonly consumed foods and drinks, and prepared dishes, used for the National Diet and Nutrition Survey (NDNS nutrient databank) year 11 (2018/19) (19–21). Data of toddler food, infant formula, nutrition powders and supplements were removed to focus on daily food and drink items consumed by a general adult population (>18 years old).



Food Categories

Similar to the United Kingdom food-based dietary guidelines for healthy eating (The Eatwell Guide) (22, 23), individual food and drinks from the NDNS nutrient databank were aggregated (based on their main components) into six food categories (i.e., fruit and vegetables; potatoes, bread, rice, pasta, and other starchy carbohydrates; beans, pulses, fish, eggs, meat, and other proteins; dairy and alternatives; and oils, spreads and fats; items that should be limited or eaten in small amounts). In addition, to identify foods/drinks high in fat, salt and/or sugars, the cut-off points for fat, salt, and sugar from the current United Kingdom Guide to creating a front of pack (FoP) nutrition label for pre-packed products were used (24). Cut-off points are presented in Table 1. Although the cut-off points of the FoP guidelines differ slightly from those in the Eatwell Guide, the use of FoP cut-offs was selected as it has specific limits for both food and drinks, and these are consistent with the Eatwell Guidelines (25).


TABLE 1. Cut-off points for fat, salt, and sugar from the current United Kingdom Guide to creating a front of pack (FoP) label.
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Indicators of Nutritional Quality, Environmental Impact, and Price


Nutritional Quality

The Nutrient-Rich Food Index 8.3 (NRF8.3) was calculated for all the foods and beverages in the NDNS nutrient databank for each food/drink item (26–28). This index can be estimated by 100 kcal, 100 g, or serving size. For this study, we estimated the NRF8.3 per 100 kcal of product. NRF index scores are dietary quality indices based on the nutrient density of a food item, accounting for beneficial nutrients, nutrients to limit, or a combination of both. This index is estimated as NRn - LIM = NRFn.3, where n represents the number of nutrients to encourage and LIM represents three nutrients that should be limited (29). The number of qualifying nutrients to encourage has varied across different studies, from 6 (NRF 6.3) to 15 (NRF 15.3) (29). In the current work, we adapted the original NRF9.3 model to a NRF8.3 model since there is no United Kingdom reference value for vitamin E, and therefore this could not be included in the model. Hence the qualifying nutrients in our study were: protein, fiber, vitamins a and c, calcium, iron, magnesium and potassium, while the disqualifying were saturated fat, total sugars and sodium. The higher the scores, the better nutritional quality (26–28).



Environmental Impact

GHGE values for individual foods and dishes, expressed as gCO2-equivalents (CO2e), were obtained from open-access sources published between 2008 and 2016 and added to the NDNS nutrient databank (30, 31). In addition, GHGE values from studies using complete cradle-to-grave life cycle analysis (LCA) (30), obtained following the international PAS 2050 standard (32), were selected where possible. In this report (30), to express a product’s carbon footprint as a single number, the emissions of six greenhouse gases were converted into an equivalent amount of carbon dioxide (CO2 equivalent or CO2e), based on the relative global warming impact of each gas, and the final carbon footprint is expressed as the weight of carbon dioxide. The climate metric used to aggregate the GHGE measurements into CO2e were those reported by Department for Environment Food and Rural Affairs, United Kingdom (33). We identified CO2e for 153 food and drink items in the open-access databases. Where a GHGE value for a specific item was not available, which was the case for most of the food and drinks in our database, reasonable substitute data were discussed and agreed upon by a team of 3 nutrition scientists, based on the food type, food group and compositional similarity of the products where data was available (e.g., 320 CO2e was identified for spaghetti, hence for most of the pasta products CO2e of 320 was used).



Prices

Prices (in GBP) of items in the NDNS nutrient databank were retrieved up to October 2021. The Shelf Scraper search engine was used to search for individual food and drink items prices (34), or prices were searched manually on supermarket websites if not available from the search engine. The Shelf Scraper website considers Tesco, ASDA, Sainsbury’s, and Morrison’s prices (the largest and most frequently used supermarkets in the United Kingdom). This website’s prices are updated daily, not aggregated across retailers, and sorted by unit to compare retailers side-by-side (34). A standard weight was estimated from nutritional guidelines for items where the price was provided per portion rather than weight. Also, prices were adjusted per edible portion of the food products. The retail prices were used and were not adjusted for inflation, and the lowest price between supermarkets was used. The price of cooking was not considered within the price recorded. All the prices were obtained per 100 g and then estimated per 100 kcal of product. The prices of 4432 products were retrieved (90% of the items included in the analysis).




Analysis

Nutritional quality (NRF8.3 index), GHGE (in g CO2e) and price (in GBP) of all food and drinks available in our expanded NDNS nutrient databank were calculated per 100 kcal of food/drink item. Shapiro–Wilk tests were performed for each indicator across the food and drinks categories to evaluate the normality of data and suggested significant non-normality among categories for all three indicators (i.e., nutritional quality, GHGE and price) (Supplementary Appendix). Hence, a non-parametric test (Spearman’s correlation) was selected to assess the strength of relationships between nutritional quality, environmental impact and/or prices by food category and subcategory. The correlations were defined using the following values: 0.00-0.19 “very weak”; 0.20-0.39 “weak”; 0.40-0.59 “moderate”; 0.60-0.79 “strong”; 0.80-1.0 “very strong” (35). Raw p-values were analyzed using the Bonferroni correction for each analysis food group and subgroups to control the family-wise error rate. Hence, the statistical significance varied depending on food groups and subgroups analysis.

Following methods previously described (6, 15), a combined score based on nutritional quality, GHGE and price for each food or drink item was developed, based on the overall medians for each indicator. The scoring system ranged from 0 to 3, with each food and/or drink scoring 1 point if the NRF8.3 index score was above the median, 1 point if its GHGE were under the median and 1 point if its price was under the median. Those items with the highest score (i.e., 3) represented the food items most nutritious and with the lowest GHGE and price. This analysis was performed on a per 100 kcal basis. The proportion (%) of items with the highest score on a 100-kcal basis were tabulated according to their food category. Such a distribution was also graphically presented in a pie chart, using the Eatwell Guide’s color scheme for comparison purposes.

Analysis was done in R software using the libraries “ggplot2”, “ggthemes”, “tidiverse” (for data visualization and graphs), “dplyr” (for testing normality), “psych” and “pastecs” (for descriptive statistics).




RESULTS

Of the 5,927 items included in the NDNS nutrient databank, 819 were irrelevant for our analysis (e.g., toddler food or baby formulas) and were removed. An additional 198 items (e.g., artificial sweeteners, cooking spices, and dried herbs) were removed as they were not linked to any food and drink categories. Therefore, a total of 4,910 food and drinks from the NDNS nutrient databank were included in this analysis; 16% of items were categorized as fruit or vegetables; 28% were categorized as potatoes, bread, rice, pasta and other starchy carbohydrates; 34% were categorized as beans, pulses, fish, eggs, meat and other proteins; 8% were categorized as dairy and alternatives; 2% were categorized as oils and spreads; 6% were categorized as drinks, and 6% items were categorized as those that should be avoided or eaten in fewer amounts (Table 2).


TABLE 2. Distribution of food and drinks per category and subcategory in the NDNS nutrient databank.
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A significant strong positive correlation (ρ = 0.66) between food price and NRF8.3 for fruits indicated that better nutritional quality comes at a higher price. There was also a significant strong to very strong positive correlation between price and GHGE for the following food sub-groups: beans and pulses, oily fish, white fish coated, other white fish, shellfish, and fish dishes, soft drinks, coffee, and tea per 100 kcal of product, showing that lower prices were associated with lower GHGE for these products. In addition, there was a significant strong positive correlation between NRF8.3 and GHGE for alcohol per 100 kcal of product, indicating that for these products, higher nutritional quality is associated with higher GHGE (Table 3).


TABLE 3. Correlation between NRF8.3, GHGE, and price indicators.
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Median values for nutritional quality were generally highest in the categories of fruits and vegetables; potatoes, bread, rice, pasta, and other starchy carbohydrates; and beans, pulses, fish, eggs, meat, and other proteins per 100 kcal of product. Conversely, median values for GHGE and price were generally lowest for potatoes, bread, rice, pasta and other starchy carbohydrates, oils spreads and fats, and items for which consumption should be limited). (See Table 3 for results per food groups and sub-groups). In addition, for some food categories, the variation around the medians for NRF8.3 index, GHGE and price was relatively large, showing that within food categories, some individual foods and/or drinks could score much better or worse than others, highlighting the potential for food swaps (Figure 1).
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FIGURE 1. (A) The overall NRF 8.3 median across all the food and beverage items included in the analysis was 287/100 kcal. The medians per food categories were as follows: fruit and vegetables 507/100 kcal; potatoes, bread, rice, pasta, and other starchy carbohydrates 275/100 kcal; beans, pulses, fish, eggs, meat, and other proteins 283/100 kcal; dairy and alternatives and 225/100 kcal; oils and spreads and animal fats -72/100 kcal; Drinks 184/100 kcal; and foods high in fat, salt, or sugar 124/100 kcal. (B) The overall GHGE median across all the food and beverage items included in the analysis was 211/100 kcal. The medians per food categories were as follows: fruit and vegetables 281/100 kcal; potatoes, bread, rice, pasta, and other starchy carbohydrates 87/100 kcal; beans, pulses, fish, eggs, meat, and other proteins 304/100 kcal; dairy and alternatives 262/100 kcal; oils and spreads and animal fats 105/100 kcal; Drinks 217/100 kcal; and foods high in fat, salt, or sugar 65/100 kcal. (C) The overall median across all the food and beverage items included in the analysis was £0.30/100 kcal. The medians per food categories were as follows: fruit and vegetables £0.64/100 kcal; potatoes, bread, rice, pasta, and other starchy carbohydrates £0.13/100 kcal; beans, pulses, fish, eggs, meat, and other proteins £0.36/100 kcal; dairy and alternatives £0.27/100 kcal; oils and spreads and animal fats £0.08/100 kcal; drinks £0.24/100 g and £0.83/100 kcal; and foods high in fat, salt, or sugar £0.20/100 kcal.


The proportion (%) of foods and drinks within each of the principal and sub-food categories scoring the maximum possible (i.e., 3) for the three indicators (scoring 1 point each for being above the median for the NRF8.3 index, and scoring 1 point each for being below the medium for GHGE and price), on a 100 kcal basis, was highest for the categories potatoes, bread, rice, pasta and other starchy carbohydrates, and lowest for the category of dairy and alternatives (Figure 2). No product from the oils, spreads and fats or drinks scored the maximum possible score. Some examples of the most nutritious, environmentally sustainable, and lower price food and drink items are presented in Table 4. Overall, the vast majority (66.2%) of products scoring 3 points were part of the potatoes, bread, rice, pasta, and other starchy carbohydrates food group. Most of the products from the beans, pulses, fish, eggs, meat and other proteins (96 products representing 16.6% of the overall number of products scoring 3 points) were from a non-animal origin (i.e., beans and pulses or seeds and nuts). Only 10.9% of the products scoring 3 points were part of the fruits and vegetables food group, and over half of these products were considered to have a high content of salt, fat, saturated fat, or sugar.
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FIGURE 2. Food groups designated following the Eatwell Guide groups. Each food scored 1 point if its GHGE was under the median, 1 point if its price was under the median, and 1 point if its nutritional score was above the median for the relevant food group. This graph shows those items with the highest score (scoring 3) and showcase the most environmentally sustainable, nutritious, and lower price products per every 100 kcal. The outer graphs show the overall percentages, and the inner graph subdivides the information per food sub-groups.



TABLE 4. Most nutritious, environmentally sustainable, and lower price products.
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DISCUSSION

Our food-based analysis showed that the largest proportion of the food items that were most nutritious and with the lowest GHGE and price was found in potatoes, bread, rice, pasta, and other starchy carbohydrates, whilst the smallest proportion was found in the category of dairy and alternatives. Generally, the relative proportions of most nutritious, environmentally sustainable, and lowest-priced foods in each of the seven food categories, analyzed through a food-based approach on a per 100 kcal basis, were relatively similar to the Eatwell Guide’s proportions, which takes a diet-based approach. However, there were two crucial differences - whilst the category of fruit and vegetables is a main category in the Eatwell Guide, this category was much smaller in our food-based analysis. Furthermore, within categories and subcategories, a large variation in nutritional quality, GHGE and price suggested significant scope for optimizing “food swaps” to improve all three indicators.

In the United Kingdom, government dietary recommendations come in dietary reference values and food-based guidelines represented in the Eatwell Guide, which has evolved over the years to visually represent the types and proportions of foods needed for a healthy balanced diet (25). The current recommendations were updated in 2016 to ensure consistent dietary recommendations with critical public health messages (e.g., obesity prevention, limiting free sugar consumption, and increasing fiber consumption). Although health and nutritional quality were the primary focus in the last revision of the guidelines, environmental sustainability was also accounted for to some extent (8, 25, 36). More recently, the Carbon Trust was commissioned to conduct a sustainability assessment of the Eatwell Guide, which indicated that eating a diet in line with the Eatwell Guide has a substantially lower environmental impact than the current United Kingdom diet (37, 38). Also, a recent study using empirical data concluded that greater adherence to the Eatwell Guide recommendations is associated with health and environmental benefits (39).

In our study, around 12% of the items from the NDNS nutrient databank obtained the highest score of 3 and were considered the most nutritious, and with a lower GHGE and price (Figure 2). Our results are in line with the results presented by Masset et al. (15), providing helpful insights into the relationship between the environmental impact, nutritional quality, and price of individual foods. Interestingly, our food-based analysis, including price (in addition to GHGE and NRF8.3) as an additional variable, shows that examples of foods that are identified as most nutritious, and with a lower GHE and price, include a relatively high number of products that are high in fat, sugar, and salt/or salt on a per 100 kcal basis (Table 4). According to the current dietary guidelines, such products should be eaten less often and in small amounts. Some studies have indicated that foods high in fat, sugar, and/or salt could be cheaper and have a lower environmental impact (40) and might be consumed in higher amounts. Nevertheless, one of the main limitations of a food-level basis is the lack of consideration of the consumption patterns in the population, and food-based analysis may to be complemented with diet-based modeling approaches to appreciate the complexity of the relationship between nutritional quality, GHGE and price. Thus, we identified a relatively high number of products with high fat, sugar, and salt/or salt content, but these foods may only contribute to an overall healthy and sustainable diet if consumed in small quantities.

An advantage of our analysis is that we introduced the food prices along with the nutritional quality and the estimated GHGE up to the supermarket shelves. Our results showed a strong positive correlation between nutritional quality and the price of fruits. It has been estimated that a 2,000 kcal-diet for an adult costs on average £5.54 per day in the United Kingdom (41). However, those diets meeting recommendations for fruit and vegetables, or oily fish, are 16% to 17% more expensive (41). Also, it is estimated that 27% of the United Kingdom households would need to spend more than a quarter of their disposable income on a diet that conforms with the Eatwell Guide (42). Accounting for food prices is crucial since consumers persistently cited this as the most important determinant of food choice in the United Kingdom (43, 44). The price has also been emphasized as a population-level barrier, limiting the adoption of dietary recommendations in the United Kingdom (41, 45), especially for those with lower socioeconomic status (45, 46). Indeed, the price is a pivotal contributor to socioeconomic inequalities in food and drink choices’ healthiness (46, 47).

A notably low amount of animal-based protein products was among foods that were most nutritious and with the lowest GHGE and price (Table 4). This reinforces the message that reduced consumption of animal-based products would represent a substantial switch to make diets more sustainable (48). Moreover, our data show that a higher nutritional quality in meat products is positively correlated with GHGE and price (Table 3). The need to produce environmentally sustainable, economically affordable and nutritious foods presents a current and future challenge to food systems (49). However, because of the complexity of what a “sustainable diet” comprises, it is challenging to consider all the relevant characteristics simultaneously.

Some limitations of the present work include the high number of imputations made in GHGE data. Also, whilst the GHGE data available for the food and drink items in our database are typically linked across each product across the entire life cycle (30, 50), it does not include cooking methods (51), mean blue water foot print (39) or international trade (52), which would be relevant for a range of items included in our analysis. Indeed, by using alternative climate metrics than GHGE alone we may have come to different conclusions. In addition, we did not consider consumption frequency, which would be relevant when estimating food preferences and cultural acceptance (15).

In this study, data was analyzed on a 100-kcal basis, which is the unit of the NRF8.3 index. Although counter-intuitive, a high NRF8.3 index can also be associated with foods high in fat, salt, and sugar, depending on how they are expressed (per 100 kcal or 100 g) (40, 53). Drewnoski et al. (53) found that nutritional profiles based on per 100 g of product are more consistent with food labeling frameworks but penalize energy-dense foods consumed in small quantities (e.g., nuts or seeds or a) while giving excessively favorable scores to foods containing added sugar (or fat or salt, as our study shows) that are mostly consumed in volumes over 100 g. By using energy basis unit (kcal), some GHGE and price results might favor high-energy food items. Also, by using NRF8.3, we might overlook the role of essential nutrients in the nutritional quality of foods. Nevertheless, several measurements, such as food products’ weight or energy density, can be included to compare results in future research.

Strengths of the present work include analyzing nearly 4,900 food and drinks items, including ready meals and purchased foods, available in the United Kingdom. To our knowledge, this is the first food-level study in the United Kingdom to include NDNS nutrient databank data on nutritional quality, GHGE and price simultaneously, offering a food-based model approach that allowed the review of nutritional quality, sustainability, and price of the suggested proportions of foods and drinks in the Eatwell Guide. This food-based modeling approach allowed the identification of combinations optimized in terms of nutritional quality, GHGE and price for individual food or drink items, which could ultimately result in modeling food swaps to make individual diets healthier and more sustainable whilst considering food prices.

Identifying individual healthy and sustainable foods at a lower price rather than diets could promote better shopping choices, as consumers could make informed choices about practical food swaps.

In conclusion, we showed for the first time that the relative proportion of foods and drinks in the United Kingdom that are nutritious, and with a low GHGE and price are mostly in line with current recommendations, apart from the proportion of fruit and vegetables being smaller in our analysis because of its generally higher values and variability for GHGE and price, and the proportion of potatoes, bread, rice, pasta, and other starchy carbohydrates being larger in our analysis, becoming more prominent due to its generally lower prices and high nutritional value. Our work highlights the importance of simultaneously considering all three indicators (e.g., nutritional quality, GHGE, and price) when making food choices. All these three indicators can be considered critical factors for dietary behavior change. In future research, other indicators need to be included (e.g., acceptability and culturally acceptable choices). Simultaneous modeling of these indicators also offers new opportunities to identify “food swaps”, permitting individuals to make their diets healthier and greener whilst not necessarily compromising on price.
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Category NRF8.3& NRF8.3 & Price & Subcategory NRF8.3 & NRF8.3 & Price &

Price GHGE GHGE Price GHGE GHGE
All items 0.30* 0.38* 0.55* NA NA NA NA
Fruit and 0.49* 0.47* 0.55* Fruits 0.66* 0.58* 0.53*
vegetables
Vegetables 0.48* 0.53* 0.54*
Juices & fruit canned in juice 0.31* 0.18 0.59¢
Prepared dishes/takeaway based on fruit or vegetables 0.34* 0.40* 0.50*
Potatoes, bread, —0.01 0.45* 0.24* Cereals 0.22* 0.12 0.33*
rice, pasta, and
other starchy
carbohydrate
Potatoes 0.16 0.64* 0.30*
Prepared dishes/takeaway based on cereals 0.27* 0.53* 0.35*
Beans, pulses, fish, 0.21* 0.27* 0.45* Beans and pulses 0.09 0.24 0.65*
eggs, meat, and
other proteins
Seeds and Nuts 0.15 0.11 0.25
Qily fish 0.11 0.41* 0.63*
Whitefish coated or fried and other white fish, shellfish, and 0.42¢ 0.21* 0.61*
fish dishes
Meats 0.29* 0.50* 0.47*
Eggs 0.26 0.11 0.82*
Prepared dishes/takeaway based on animal proteins (not 0.45* 0.44* 0.37*
canned)
Dairy and 0.27* 0.11 0.24* Milk 0.35 —0.23 0.03
alternatives
Milk Alternatives (non-animal) 0.43 0.16 0.43
Cheese 0.15 0.16 0.42*
Yogurt 0.37 0.29 0.22
Other dairy products and desserts 0.33 017 0.44
Qils, spreads, and 0.39* 0.50* 0.59* Vegetable oils and vegetable-based spreads 0.26 0.04 0.27
fats
Animal fat 0.57 0.10 0.30
Drinks 0.22* 0.48* 0.71* Soft drinks 0.19 0.45* 0.66*
Coffee & Tea —-0.12 —0.01 0.68*
Alcohol 0.21 0.78* 0.37*
Items that 0.25* 0.45* 0.29* All products (e.g., Sugar confectionery, sweet spreads 0.25* 0.45* 0.26*
consumption fillings, icing, savory sauces pickles gravies, crisps, and
should be limited savory snacks)

NRF8.3, Nutrient-Rich Food Index 8.3; GHGE, greenhouse gas emissions. Price calculated in British Pounds (GBP). Raw p values were analyzed using Bonferroni
correction, and * show those values that were considered statistically significant; the strength of the correlation was defined using the following values: 0.00-0.19 “very
weak”; 0.20-0.39 “weak” 0.40-0.59 “moderate”; 0.60-0.79 “strong”; 0.80-1.0 “very strong’.
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other starchy carbohydrates
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and other proteins

Dairy and alternatives

ltems which should be eaten less
often and in small amounts

Per 100 kcal (n = 577)

Subcategories (%)

Totaln =63

(10.9% from total items), from
which 33 (5.7%) are HFSS

e Fruitsn=16

e \egetables n = 31

e Juices & fruit canned in juice n = 4
e Prepared dishes/takeaway = 12

Total n = 382

(66.2% from total items), from
which 87 (15.0%) are HFSS

o Cereals =237

e Potatoes = 94

e Prepared dishes/takeaway = 51

Total = 96

(16.6% from total items), from
which 44 (7.6%) are HFSS

Beans and pulses n = 47

Seeds and Nuts n = 24

Oily fishn =8

Whitefish or shellfish n = 1

Meats n =2

Eggsn=5

Prepared dishes/takeaway based
on animal proteins (not canned) n = 9

Totaln =19
(3.2% from total items), from which
7 (1.2%) are HFSS

e Mikn=3

e Milk Alternatives (non-animal) n = 3
e Yogurtn=2

e Other dairy products and desserts
n=11

Total =17
(2.9% from total items), from which
all are HFSS

Examples

Courgettes sauteed blended oil, parsnip roast, apples cooking baked with sugar flesh
only, onion rings grilled, vegetable fingers breadcrumbs grilled, vegetable pancakes fried
in vegetable oil, tomato fried in olive oil, carrots fried in pufa oil, parsnips roasted in
butter

HFSS: Cauliflower bhaji/pakora, avocado pear flesh only, fruit salad dried stewed with
sugar fruit and juice, olives in brine, prunes canned in syrup fruit and syrup, raisins, or
sultanas dried weight, fried in blended vegetable oil, vegetable pasty purchased, dried
red fruits, vegetable fingers breadcrumbs fried, cabbage or leeks or spring onions or red
pepper fried in olive oil

All bran type cereal, bagels wholemeal only, couscous cooked, oat bran flakes, muffins
white toasted, wheatgerm bread, baked or roast potato slices fried in olive oil, potatoes
boiled skins eaten, hot cross buns light/low calorie purchased

HFSS: Bran flakes with sultanas, chapatis brown in butter, harvest morn fruit and fiber
cereal only, muesli with 50-55% fruit, wholemeal soda bread, chips straight cut frozen
fried

Beans blackeye canned, beansprouts fried, brown lentils or split boiled in salted water,
chickpeas, added salt canned and drained, fried herring no bone coated, whitebait
coated fried in blended oil, sardine’s brisling slid canned in oil, pork sausage meat

HFSS: Hummus canned, cashew nuts kernel only unsalted, linseeds, mixed nuts and
raisins unsalted, pumpkin seeds, fish cakes fried in solid sunflower oil, pork burgers
made with extra lean pork, sausages, egg yolk fried in butter or boiled, chicken &
mushroom pancakes purchased prawn curry cream/coconut sauce

Goat’s milk UHT, sheep’s milk sheep, oat-based milk alternative fortified, milkshake,
yogurt, soya alternative

HFSS: Yogurt and fromage frais mousse with fruit and cream, milkshake UHT
purchased made with whole milk, yogurts, fruit with added cream

HFSS: Black bean sauce, brown sauce bottled, cook in sauce, Indian or other, canned,
low fat not baked crisps, pasta sauce tomato-based with bacon onion, Thai curry
sauce purchased, tomato puree canned, tortilla chips

No items from the “Oils, spreads and fats” and “Drinks” scored the maximum possible points in any estimations. HFSS, high in fat, sugar and/or salt. HFSS items
are highlighted in the gray boxes. To determine the HFSS items, the Front of Package guidelines (19) cut-offs were used. High sugar products are defined as foods
with > 22.5 g/100 g or drinks with > 11.25 g/100 g of total sugar; High-fat products are defined as foods with > 17.5 g/100 g of fat or > 5.0 g/100 g saturated fat or
drinks > 8.75 g/100 g of fat or > 2.5 g/100 g of saturated fat; High salt defined as foods with > 1.5 g/100 g of salt or drinks > 0.75 g/100 g of salt.
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Category Total number Subcategory Number of items (% Number of items with a high content of sugar, fat
of items within a category) and/or salt* (% within a subcategory)
Fruit and vegetables 800 Fruits 183 (23%) 44 (24%)
Vegetables 262 (33%) 28 (11%)
Juices and fruit canned in juice 199 (25%) 26 (13%)
Prepared dishes/takeaway based 156 (19%) 27 (17%)
on fruit or vegetables
Potatoes, bread, rice, 1378 Cereals 509 (37%) 161 (32%)
pasta, and other starchy
carbohydrates
Potatoes 163 (11%) 21 (13%)
Prepared dishes/takeaway based 706 (52%) 481 (68%)
on cereals
Beans, pulses, fish, eggs, 1689 Beans and pulses 141 (8%) 9 (6%)
meat, and other proteins
Seeds and Nuts 51 (3%) 47 (92%)
Qily fish 103 (6%) 49 (48%)
White fish or shellfish 254 (15%) 59 (23%)
Meats 500 (30%) 280 (56%)
Eggs 53 (3%) 21 (40%)
Prepared dishes/takeaway based 587 (34%) 164 (28%)
on animal proteins (not canned)
Dairy and alternatives 380 Milk 46 (12%) 0 (0%)
Alternative Milks (non-animal) 29 (8%) 2 (7%)
Cheese 86 (22%) 79 (91%)
Yogurt 59 (16%) 6 (10%)
Other dairy products and desserts 160 (42%) 91 (59%)
Qils, spreads, and fats 84 Vegetable oils and vegetable-based 67 (78%) 67 (100%)
spreads
Animal fats 17 (22%) 17 (100%)
Drinks 301 Soft drinks 172 (47%) 50 (29%)
Coffee and Tea 37 (18%) 5 (14%)
Alcohol 92 (35%) 18 (20%)
Items which should be 278 All products (e.g., sugar 278 (100%) 278 (100%)

eaten less often and in
small amounts

confectionery, sweet spreads
fillings, icing, savory sauces, pickles
gravies, crisps, and savory snacks)






