What’s all the fuss about Ultra processed foods? 

Recent media commentary towards food processing, specifically Ultra Processed Foods (UPF) has provided much negative discourse from its associations with poorer health conditions. Attention grabbing headlines such as “UPF raises risk of heart-attack and stroke” (Guardian, 2023) and “UPF may cause a tidal wave of harm” (Independent, 2023) and “this is an emergency” (Channel 4 News, 2023) do much to raise associated discussion surrounding health and food. Much of the attention centres on the increasing availability and over consumption of UPFs which is contributing to increased rates of obesity and resulting non-communicable diseases (Visioli et al., 2022).  Whilst food processing has been described as a “modification to alter the sensory quality or shelf life”, it has had a linear progression to improve human health (Petrus et al., 2021).

The evolution of humans has relied on simple processing methods to combat storage, food safety and transport simply by cooking, curing or smoking (Knorr & Watzke, 2019). If we think in terms of food safety, basic forms of preservation (drying, salting and fermentation) overcame toxic harmful bacteria that when consumed resulted in ill health and death throughout history (Griffith, 2006). Additionally, increases in life expectancy can be attributed to the availability of safe and nutritious foods (Visioli et al., 2022). Ancient Greece perfected food processing which contributed to transforming unpalatable food from a raw state to be edible, nutritious and less perishable (e.g., bread, olive oil and wine) (Floros et al., 2010).

[bookmark: _Hlk151115162]Food processing is any “deliberate change in a food that occurs before it is available” (Augustin et al., 2016). It is these changes to the raw product that can have both beneficial and detrimental effects. Take the example of heat treatment on raw milk which destroys harmful bacteria resulting in a beneficial product for human consumption. However, heat treatment can result in harmful carcinogenic by-products from Maillard browning effect, such as grilling meat for example (van Boekel et al., 2010). Additionally, the processing of food can reduce the nutrient quality of the raw ingredients e.g., heating can reduce micronutrients such as Vitamin C, Thiamin and Riboflavin (Lešková et al., 2006). Moreover, food processing can include the use of additives to prolong the shelf life, improve quality (taste & appearance), and increase palatability (Augustin et al., 2016). Although processing of food can lead to a loss in vitamins and minerals due to the intensive nature of the manufacturing process (Sanahuja et al., 2013). Owing to the many processes and the need to frame the ‘end product’ for consumers, several food classifications have been created to quantify the level of processing with the NOVA classification system the most widely used Martinez-Perez et al. (2021). NOVA classification coined the term Ultra Processed Foods (UPF).



The term UPF was a category to define a type of food processing in a three-classification framework developed by Monteiro (2009). Initially this framework was divided into three categories; (Group 1) un-processed (or minimally), (Group 2) processed culinary (or food industry ingredients) and (Group 3) Ultra-processed food. Subsequentially Group 3 was re-classified into two sub-categories by Monteiro et al., (2010) resulting in four groups to “define the extent and purpose of food processing” (Petrus et al., 2021) see Table 1 for details. Group 4 (UPF) are defined as industrial products often containing high amounts of refined carbohydrates, salt, sugar and saturated fats along with ingredients that would “never or rarely be used in home kitchens to make the final product palatable or more appealing (cosmetic additives)” (Monteiro et al., 2019). 

The framing for UPFs by Monteiro and colleagues has caused controversy where terms such as “not real food” are frequently used to give a simple umbrella slogan to this category (Monteiro et al., 2019). Additionally, the negative connotation of the word ‘ultra’ presents a misleading explanation, which is often quoted in media and can be misinterpreted by the general public (Knorr & Watzke, 2019).  Monteiro et al., (2019) go further to describe UPFs as “formulations having more than five ingredients” which can easily conflict with common home-made dishes such as a vegetable soup, thus leading to further ambiguity. Studies have shown that there is a lack of awareness by consumers around the safety benefits of processed foods, alongside an unhealthy framing and a resulting cautiousness due to media influencing (Meneses, Cannon & Flores, 2014). The NOVA classification of foods presents differing advice from the recommended dietary guidelines where the purpose of processing supersedes principal advice on nutrient quantity and quality (Gibney, 2019).  A weakness of NOVA is highlighted even more so when commonly consumed foods such as whole-meal bread, designated a UPF category, may distort from beneficial nutrients that come from fortification and/or the beneficial fibre that is widely under-consumed (Jones, 2019).
Despite this many foods are classified as UPF, that are high in fat, salt and sugar (HFSS) and are energy dense where higher consumption has been associated with poorer dietary quality (Martini et al., 2021). 

NOVA is the most widely used framework to explore the relationship between UPF and health outcomes (Braesco et al., 2022). Chen et al., (2022) found associations of higher cases of cardiovascular disease (CVD) with higher consumptions of UPFs participants from UK Biobank where they compared against lower intakes. However, they also reported that cohorts in the higher consumption domain tended to demonstrate higher levels of unhealthy behaviours such as smoking, less activity levels, greater BMI and higher fat intakes which when in context dilutes the association of UPFs.  A notable limitation of the NOVA classification is that it does not distinguish between fats whether its Saturated or Un-saturated (Popkin et al., 2023). Fridén et al., (2022) found higher intakes of UPFs in populations with healthy food habits and showed no difference in Total fats or Saturated fat even where higher intakes of energy, carbohydrates and fibre were shown. 
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Table 1 - Definitions of NOVA classification (Monteiro et al., 2019)





	Definition
	Products


	Group 1 – Unprocessed & Minimally Processed
Products that salt, sugar, oil, fats or other substances are not added to the original food.
	Edible parts of plants (seeds, fruits, leaves, stems, roots) or animals (muscle, offal, eggs, milk) and fungi, algae and water after separation from nature.


	Group 2 – Processed culinary ingredients
Products derived from group 1 or else from nature by refining, grinding, milling and drying.
	Processed culinary ingredients include oils, butter, lard, sugar and salt.



	Group 3 – Processed Foods
Products manufactured by the industry, which essentially adds salt, sugar or another substance to un-processed foods to make them stable and more palatable. 
	Bottled vegetable or legumes (pulses) preserved in brine and vinegar, fruits in syrup, meat products and canned fish, smoked fish, freshly baked bread and simple cheese to which salt is added.


	Group 4 – Ultra-processed Foods
Products involving formulations of ingredients, most of exclusive industrial use, typically created by a series of industrial techniques and processes. 
	Carbonated soft drinks; sweet, fatty or salty packaged snacks; candies (confectionery); packaged bread and buns, cookies (biscuits), pastries, cakes and cake mixes; margarine and other spreads; sweetened breakfast ‘cereals’ and fruit yogurt and ‘energy’ drinks; preprepared meat, cheese, pasta and pizza dishes; poultry and fish ‘nuggets’ and ‘sticks’; sausages, burger hot dogs and other reconstituted meat products; powdered and packaged ‘instant’ soups, noodles and desserts; baby formula.


This uncertainty of the NOVA classification has yet to be endorsed by SACN who have repeated their view through successive reports that studies incorporating NOVA 4 (UPFs) are “exclusively observations where variables such as energy intake, BMI, smoking and socioeconomic status may not be adequately accounted for” (SACN, 2022). 






A recent systematic review and meta-analysis report greater risks with some cancers relating to higher consumption of UPFs (Ying Lian et al., 2023).  They reported that higher intakes of UPFs suggest there is a statistically significant positive association of colorectal cancer, with higher UPF consumers 1.23 times higher than lower consumers (OR 1.23, 95% CI: 1.10-1.38); similarly, colon cancer (OR 1.25, 95% CI: 1.14-1.36) and breast cancer (1.10, 95% CI: 1.00-1.20). Furthermore, in this study they found positive associations for rectal cancer (OR 1.18, 95% CI: 0.97-1.43) and a slight positive association for prostate cancer (OR 1.03, 95% CI: 0.93–1.12), both results were not statistically significant. Whilst positive associations were found for some cancers this study did not delve further by assessing associations of sub-categories of UPFs such as processed meats, sweet and fried foods. Although they report that previous meta-analysis have shown that higher processed meat consumers demonstrated an increased breast cancer risk of 9%. 

Chen et al., (2023) found associations of UPF consumption linking to a greater risk of Type 2 Diabetes; with 44% higher risk when consuming ‘Animal-based foods’ (HR 1.44; 95% CI:1.38-1.51), ‘Ready to Eat foods’ showed a 42% higher risk (HR 1.42; 95% CI:1.31-1.54) and ‘Sugar-sweetened beverages’ had a 15% higher risk (HR 1.15; 95% CI: 1.12-1.17). This study showed contrasting results from the NOVA 4 group with lower risks of consuming ‘Cereals & Bread’ and ‘Yogurt & Dairy’ of 2% (HR 0.98; 95% CI: 0.96-0.99) and 9% (HR 0.91; 95% CI:0.88-0.95) respectively. By combining the results of the NOVA 4 category the cumulative results distort the overall view which demonstrates an 8% higher risk in higher consumptions of UPFs collectively. This is a common theme in much of the data from studies to date when exploring the relationship between of UPF and health outcomes; and presents a clash with recommended dietary guidelines of foods that fall into the NOVA 4 category (FAO, 2019).

A recent study by Hall et al., 2019 which has drawn much attention both academical and in media (The Guardian, 2020; Time, 2019) as the first randomised control trial (RCT) exploring associations of UPF on obesity. It reported that participants consumed more energy (508±106 kcal per day) and gained more weight (0.9±0.3kg) over the two weeks on UPF diet versus unprocessed diet. The authors’ noted limitations were that it was a small sample size (n=20) and short duration, additionally there was no ‘wash out period’, and as it was in a controlled setting that may not replicate “free living conditions”. While it revealed associations of UPF to weight gain from matching energy density of both diets, the UPF diet was supplemented with a higher quantity of beverages containing artificially sweetened and fibre enhanced to the match equivalents with the unprocessed diet. 

This shortcoming contributed much of the energy density of the UPF diet which was 85% higher than the unprocessed diet which the authors suggest contributed to the excess intake. The texture of the diet is an important determinant where more ‘chewable’ foods have been shown to reduce eating rate and moderate the energy density (Forde et al., 2020), which could explain the greater weight gain. 

Hess et al., (2023) found that incorporating a diet that is heavily reliant on NOVA 4 ‘UPF’ (91% kcal) but closely matching US dietary guidelines could provide adequate macro and micro nutrients. Adhering to media advice to avoid UPF, could nudge consumers to alienate valuable foods such as yogurts which provide valuable nutrients and are widely consumed (Cifelli, Agarwal & Fulgoni, 2020). Yogurts are an excellent source of calcium, potassium, zinc, magnesium along with B vitamins (Wang et al., 2013). In the UK greater yogurt consumption amongst children showed higher nutrient intakes and better-quality diets leading to lower blood sugar levels, height to waist circumferences and lower resting HR (Hobbs, Givens & Lovegrove, 2019). This study reported lower intakes of processed meats and significantly greater intakes of wholemeal breads and high fibre cereals. 

Whilst Monteiro et al., (2010) testify “all types of bread are often identified as healthy however breads are often a vehicle for table fats and other energy-dense products, frequently in the form of sandwiches” placing them into NOVA 4 classification. This glosses over that wholegrain breads that are surreptitiously fortified with essential nutrients such as calcium and iron, with folate under consultation (O’Connor, 2012). Alongside these nutrients wholemeal breads provide valuable starchy carbohydrates that contribute to greater fibre and B vitamins in the diet that been shown to reduce the risks of CVD, T1D and some cancers (Lockyer & Spiro, 2020).  Similarly, ‘Cereals’ are an integral part of UK diet which add to fibre consumption along with the fortification and in many instances due to pairing with milk provide vital calcium to children (Jones, 2019). NOVA could inflate the decreasing consumption rates of breads / cereals and exacerbate current low fibre intakes (Estell et al., 2022). 

While it is recognised that western diets have a greater dependency on UPFs with consumption rates over 50% in UK and North America (Capozzi, 2022), and has prompted intervention by governments to introduce reformulation of particular food products that where classed as HFSS. The UK Food foundation reported high energy values in adults, secondary school, and primary school children as 37%. 45% and 47% respectively in food classed as HFSS. Reformulation to reduce salt has proven successful in reducing consumption (He, Brinsden & MacGregor, 2014). Comparable legislation to reduce fat and sugar consumption has had a positive impact on diets of populations (Hutchinson et al., 2018; Bandy et al., 2020). Reformulation requires processing, whether that’s further processing through the addition of additives which NOVA unequivocally rejects (Gibney, 2019).








Singling out specific sub-groups from NOVA 4 such as sweetened snacks and beverages which by their very nature are discretionary foods that tend to have lower nutritional value and when consumed to excess have likely health implications due to their composition rather than how they are produced or manufactured (Visioli et al., 2022). Whilst Mertens et al., (2022) suggest sugar sweetened beverages have a contribution to higher total sugar intakes in European populations, due to providing up to 25% of total energy density they did not report higher obesity rates because of seemingly higher consumption rates. However, of concern is that children have a preference for sweetened foods and in particular sweetened beverages which result in increased consumption (Pereyra-González & Mattei, 2023). This tendency towards sweetened beverages will often displace vital nutrient rich whole foods and contribute to deficiencies of malnutrition and increasing obesity amongst children (Markey et al., 2022).  

Monteiro et al., (2018) suggest UPFs are additionally compromising and contributing to climate change through their life cycle of mass production, degradation of natural resources, polluting packaging and transport. Current estimates by the UN Food and Agriculture Organization state that food production will need to increase by 50% to meet the demand of a growing population by 2050 (FAO, 2018). Moving towards more sustainable diets will require reductions in animal-based foods in favour of more sustainable plant-based foods which UPFs will play an integral part of (Shukla et al., 2019). Currently many plant-based and meat alternatives fall into the UPF category, however their popularity could increase an acceptance to a more sustainable diet by offering wider choices and limit food waste (Lockyer et al., 2023; van der Goot et al., 2016).  This trend is ever increasing with consumers demonstrating a move away from tradition animal-based sources, but the exclusionary category of UPF could present nutrient deficiencies amongst certain populations (Derbyshire, 2019). Soy based meat and dairy products have environmental advantages along with the imitating key nutrient profiles to match the food composition that present with animal-based foods (Messina et al., 2022). 

When accounting for more vulnerable groups in populations such as infants, pregnant women, infirm (hospitalised) and elderly there is a priority to supplement vital nutrients that may be better suited by many UPFs. Instant formula as an example has evolved to provide beneficial nutrients to children around the world which complements breast feeding but additionally picks up when insufficient breast milk is available (WHO, 2003). People who experience gluten-related disorders rely on food products that fall into the UPF category that offer significant dietary improvements that this group would fail to get otherwise (Khairuddin & Lasekan, 2021). Similarly, around 15% of European consumers avoid dairy products due to conditions such as lactose intolerance, cholesterol conditions and rare genetic diseases such as phenylketonuria (Mäkinen et al., 2016).  People undergoing medical treatment or suffering from dysphagia rely on vital UPFs where ‘whole foods’ may not be prescribed (Peńalva-Arigita et al., 2019).

Returning to the headline from the Guardian in August that “UPF raises risk of heart-attack and stroke”, which reported results from an Australian observational study which followed 10,000 women over 15 years investigating the link of UPF intake and CVD (Guardian, 2023). The results headlined at the European conference of cardiology and presented positive associations of UPF intakes on CVD and Hypertension of (OR 1.35, 95%CI: 1.03-1.78) and (OR 1.33, 95% CI: 1.06-1.66) which were statistically significant, however at the time of writing this essay, full access to this journal has yet to be released which prevents a detailed analysis (Pant et al., 2023).  Furthermore, the second study in this news article reported from a study of combining ten studies comparing low consumers of UPF to higher consumers, they found the lowest consumers had a modest increase risk of CVD (HR 1.02, 95% CI: 0.98-1.05) where the highest consumers had 24% greater risk of CVD (HR 1.24, 95% CI: 1.16-1.32) albeit it was not statistically significant and similarly the data could not be analysed further as the paper has yet to be released (Qu et al., 2023). Whilst both studies report showing associations of CVD risk with higher intakes of UPFs that may well be genuine, it would be more prudent to have higher value scientific commentary when all relevant data is available. 

Furthermore, many studies report associations of higher intakes of UPFs with adverse health conditions it should be noted that the majority of the studies are observational which come with limitations that are very often not elaborated in media and can’t be relied upon to suggest ‘cause and effect’, as confounders may affect the results (Lawton, 2023). Much data is self-reported through Food Frequency questionnaires, and whilst a validated method, they are liable to have frequent under-reporting of foods and due to the broad range of food in the NOVA 4 category some assumptions are made to generalise the data (Rauber et al., 2018). A more nuanced approach must be considered when discussing UPFs, subcategorising NOVA 4 into further groups that target food from a HFSS consideration highlighting the higher risk foods of Ready to eat, Animal-based products and sugar-sweetened beverages that Chen et al., (2023) show, may focus the analysis and be easier to convey to consumers. 

Food labelling is an area that could influence more positive decisions at point of purchase for consumers however there are inconsistencies in labelling along with conflicting evidence of behavioural change (Temple, 2020). While some studies have shown greater benefits to health through food choice (Sun Y, et al., 2008), others have shown consumers are overwhelmed with nutritional labelling as their food choice is based on habitual, fast and simple decisions (Grunert, Wills and Fernández-Celemín, 2010).  More emphasis on front-of-package nutrition labels could be better solutions to relay more streamlined messaging to consumers to affect a change to healthier foods (Graham, Heidrick and Hodgin, 2015). This has been a reformulation strategy introduced in Chile and Peru to reduce consumption of foods HFSS to tackle rising childhood obesity. This legislation mandated front-of-package warning labels which inform consumers of ‘healthiness’ of food products based on set cut-offs for specific nutrients (sugar, saturated fats and sodium), along with restricting advertising of said food products (Reyes et al., 2020). The interventions have shown reductions in HFSS, albeit lower than expected; and the impacts to reduce rising obesity levels have yet to be demonstrated (Saavedrea-Garcia et al., 2022). 
In conclusion, as demonstrated the UPF (NOVA 4) category is too broad, showing that not all UPFs are equal and therefore conclusions should not be so definitive. Equally there as are many contributing determinants linking to obesity and or adverse health conditions. Future scientific research could continue with the NOVA framework alongside nutrient profiling which may be more beneficial to provide more nuanced analysis and dietary guidance.
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