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Abstract
Over the past few decades, we have witnessed unprecedented growth in new data that has fundamentally
changed our traditional understanding of the progression of atherosclerotic plaques, as well as our
strategies for preventing cardiovascular diseases, especially atherosclerosis. It was once believed that
atherosclerosis was primarily caused by abnormal lipid buildup in the vessel intima, leading to plaque
growth and luminal stenosis, with or without rupture. This perspective has now evolved to encompass more
complex pathways, wherein the accumulation of abnormal products of oxidation and inflammation are the
most likely factors mediating the growth of atherosclerotic plaques. The review aims to provide a
comprehensive and detailed exploration of the relationship between ultra-processed foods, chronic
inflammation, cardiovascular diseases, obesity, insulin resistance, and the role of the gut microbiota. It
touches on several important aspects of modern diet and health.
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Introduction And Background
What is ultra-processed food, and why is it important
Ultra-processed foods were defined as industrial formulations which, besides salt, sugar, oils, and fats,
include substances not used in culinary preparations, in particular additives used to imitate sensorial
qualities of minimally processed foods and their culinary preparations [1]. They usually include items such as
packaged snacks, frozen meals, and sugary drinks. Ultra-processed foods account for nearly 57.9% of caloric
intake and 89.7% of the added sugars consumed in the United States [1].

In the early 2000s, researchers at the Center for Epidemiological Studies in Health and Nutrition at the
University of São Paulo, Brazil, developed a new classification system named the NOVA, which is a
framework used to categorize foods and beverages based on the extent and purpose of their processing [2-
5]. The system classifies foods into four main groups, including unprocessed or minimally processed foods,
processed culinary ingredients, processed foods, and ultra-processed food and drink products (Figure 1)
[5]. While the NOVA classification provides a useful framework for understanding the degree of food
processing, it's worth noting that it's a general categorization and doesn't specifically label foods as "ultra-
processed." Instead, it categorizes foods based on the extent and purpose of their processing, allowing
researchers and health professionals to analyze the potential impact of different food types on health and
nutrition [5].
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FIGURE 1: The four main groups of the NOVA classification system for
processed foods.
Author's own work [5].

Several studies have demonstrated that a diet high in ultra-processed foods is associated with an increased
risk of inflammation, a significant factor in the development of chronic diseases such as cardiovascular
disease. Srour et al. conducted a study in France involving 105,000 adults who were followed up over a five-
year period to investigate various diets. In their research, individuals who had the highest consumption of
ultra-processed foods exhibited a 28% greater risk of developing cardiovascular disease compared to those
with the lowest consumption [6]. Furthermore, the researchers observed that these individuals showed
higher levels of inflammatory markers in their serum, consistent with the chronic inflammation that
promotes cardiovascular disease [6].

Another prospective study, involving over 44,000 adults, demonstrated a positive association between the
consumption of ultra-processed foods and all-cause mortality, especially in the context of cardiovascular
issues [7]. This was also supported by another study published by Jull et al. suggesting that higher
consumption of ultra-processed foods, was associated with a greater cardiovascular disease incidence and
mortality. This risk was also noted with each additional serving, leading to a 9% increased risk in CVD
mortality [8].

The effects of ultra-processed foods extend beyond the heart to impact brain pathways and foster addiction.
According to a study conducted by the University of Michigan, which utilized the Yale Food Addiction Scale,
food addiction and substance use disorders exhibited similar patterns in the activation of brain reward
circuitry (Figure 2) [9]. This suggests that ultra-processed foods can not only result in long-term detrimental
effects on human health but also present challenges to recovery.
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FIGURE 2: The shared pathway between food and substance addiction.
Author's own work [9].

Review
Over the past five decades, the food industry has witnessed a major transition away from saturated fats over
concerns of developing coronary heart disease to substitute it with sugars that have become increasingly
prevalent in diets, especially fructose [10]. Fructose consumption has gone from ~37g in the 1970s to ~55g
per day by the early 2000s [11]. This lines up with the increased global burden of cardiometabolic diseases,
primarily hypertension, insulin resistance, dyslipidemia, and central obesity. Despite all the significant
efforts made to advance our current understanding of the pathophysiological differences and clinical
implications between these disease clusters, more needs to be done to tackle these burdens.

So, what do we know regarding UPF and its link to cardiometabolic diseases? Not that much. However, we
know that coronary heart disease, particularly atherosclerosis, is a major cause of disability and death
among patients with cardiometabolic diseases because of coronary, cerebrovascular, and peripheral arterial
disease [12]. Furthermore, significant endothelial, vascular smooth muscle cell, and platelet function
abnormalities as well as increased production of several prothrombotic factors are present in diabetes
mellitus [12]. Additionally, hyperglycemia, increased free fatty acids, insulin resistance, decreased nitric
oxide bioavailability, and increased oxidative stress disrupt intracellular signal transduction and activate
receptors for advanced glycation end products. This state promotes chronic inflammation that contributes
to cardiovascular disease [6-12].

Even when the concerns raised in the 2003 American Heart Association publication linking metabolic
abnormalities with the development of CVD in adults in Westernized societies were accepted, similar
concerns addressed in children, adolescents, and young adults never gained support or scientific traction
[13]. The theory of atherosclerosis has evolved from accumulation of lipid-laden macrophages and
proliferation of smooth muscle cells in coronary arteries to a complex interplay of different pathways driven
by chronic levels of inflammation [14]. Consequently, is it time to unify our approach and concentrate on
when this chronic inflammation truly starts? What causes it? Can We reverse it? An interesting perspective
to consider is the obese state.

Inflammatory processes and gut microbiota
Obesity is well known to be characterized by a state of chronic low-grade inflammation [15]. This low-grade
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inflammation may be attributed to the repeated exposure of high-fat and high-carbohydrate diets, inducing
chronic metabolic endotoxemia. This persistent activation of the immune system results in the proliferation
of proinflammatory mediators and the alteration of glucose metabolism (Figure 3) [15]. Predictably, this is
followed by hyperglycemia when the body can no longer produce sufficient insulin to manage the demand of
the glucose load. Moreover, mankind entered a phase in our evolution where food is abundantly available
and palatable, leading to a continuous struggle against the health implications of the foods we consume.

FIGURE 3: The inflammatory pathways in which ultra-processed foods
affect our bodies.
Author's own work [15].

Consider that consuming a sausage, egg, and cheese sandwich increases endotoxemia by 40% and leads to
persistent immune activation for at least six hours, whereas opting for healthier meal choices, such as
oatmeal, orange juice, and fruit, results in a 10% increase in endotoxemia or immune-inflammatory
responses [16]. 

Obesity and insulin resistance contribute to chronic inflammation. This process begins with cellular-level
glycosylation, which is the most common post-translational protein modification, disrupting interactions
between cells and molecules [17,18]. This is one of the reasons why we see mitochondrial dysfunction with
the release of mitochondria-derived damage-associated molecular patterns (DAMPs) [18]. Mitochondrial
DAMPs have recently become the subject of intensive research due to their possible involvement in
conditions associated with inflammation by interacting with receptors similar to those involved in
pathogen-associated responses, such as aging and degenerative diseases [17,19]. This inflammatory process
also induces oxidative stress and reduces cellular antioxidant capacity, causing an overproduction of free
radicals that permanently impair fatty acids and proteins of the cell membrane [20]. In addition, chronic
inflammation seems to hinder the body’s ability to produce autophagosomes that normally clean up cell
debris and damaged cells. The lack of autophagy then contributes to neurodegenerative diseases. In
addition, chronic inflammation is linked with DNA methylation of macrophage genes inhibiting the body's
natural defense system [21].

Coming to the role of the human gut microbiota in insulin resistance and obesity, data from mice studies
have shown that germ-free mice on a high-fat diet gain less weight than control mice on the same diet, and
they were also protected from insulin resistance [22]. The exact mechanisms of protection from insulin
resistance are not well understood yet. However, we do know that AMPK activity was enhanced in the
muscle and liver of germ-free mice, which played a huge role in weight loss by the process of enhanced fatty
acid oxidation and energy expenditure [22]. Additionally, germ-free mice that were infected with gut
microbiota of conventionally raised mice displayed an increase in both body weight and fat content
associated with insulin resistance and glucose intolerance [23]. Furthermore, transplanting intestinal
microbiota from wild-type to germ-free mice enhanced the adiposity associated with insulin resistance [24].
These studies seem to indicate that there is a cause-effect relationship between the gut microbiota, fat
content, and insulin resistance.
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In addition to insulin resistance and obesity, disruptions to gut microbiota can lead to neurodegenerative
changes. Microbiota produce short-chain fatty acids (SCFAs) that act as signaling molecules in the central
nervous system [25,26] an essential function that has allowed the gut microbiota to become recognized as its
own metabolic organ [25]. Dysbiosis as a process represents decreased numbers of bacteria that produce
SCFAs and an increase in harmful microorganisms with lipopolysaccharide (LPS) endotoxins [27]. LPS
activates immune cells, which release proinflammatory cytokines (IL-1a, IL-1b, TNF-a, and IL-6) that cross
the blood-brain barrier and bind microglial receptors, leading to the onset of neuroinflammation [28].

Neuroendocrine and immunologic cells can also be affected, causing dysregulation of neurotransmitters and
resulting in the different clinical manifestations that characterize NDs [29]. High-fat diets also directly cause
neurodegenerative disease processes, evidenced by several studies in animal models showing how high-fat
diets affect microglial function [30], cause cognitive deterioration and neuroinflammation [31], and play a
role in the development of Alzheimer's disease [32]. In addition, a cross-sectional study conducted by the
National Health and Nutrition Examination Survey (NHANES) that involved 3632 participants over 60 years
old found that consuming UPF was inversely related to performance in the Animal Fluency test, which
assesses language and executive function [33]. This was also supported by a study conducted by Finnish
researchers that explored the link between the Desulfovibrio (DSV) bacteria and Parkinson's disease (PD). PD
is caused when LPS produces local inflammation and oxidative stress in the intestine, thus initiating the a-
synuclein (aSyn) deposition that disseminates to the CNS. Pathologic aSyn can lead to neuronal death,
microglial activation, and subsequent activation of TLRs, triggering a vicious cycle of neuroinflammation
[33]. The Finnish study demonstrated that worms fed DSV bacteria from PD patients had both more and
larger alpha-syn aggregates than worms fed DSV bacteria from healthy individuals or E. coli [34]. Worm-fed
DSV bacteria also had higher mortality, especially in patient strains, possibly due to the high volume of
alpha-syn aggregates and bacterial toxicity [34].

Possible future directions of ultra-processed food
So, what can be done to try to improve UPF? We can start by looking at the results of a complex study
conducted by a Scientific Advisory Team who worked with the Kuwaiti Danish Dairy Company to conduct an
evaluation of their entire commercial food and beverage portfolio. The authors developed a tiered
“Metabolic Matrix” founded on three science-based principles: (1) feed the gut, (2) protect the liver, and (3)
support the brain [35].

The first pillar is to “feed the gut” quality fiber which has been shown to improve glycemic control [36], as it
contributes to the production of SFCA that provides nourishment for colonic bacteria and serves as an anti-
inflammatory agent [37]. SFCAs also have downstream effects of keeping the integrity of the gut barrier and
improving glucose and lipid metabolism, which improves cardiovascular risk [38-40].

The second pillar is to “protect the liver” as toxins in food can make the liver dysfunctional, leading to
hepatic insulin resistance and hyperinsulinemia, which drive aberrant cellular growth and chronic metabolic
disease [41]. These compounds are highly abundant in ultra-processed foods [42], so reduction in substrate
exposure is a logical preventative measure.

The third pillar is to “support the brain” as the omega-6 to omega-3 ratio consistent with Western-type
dietary patterns appears to be a primary contributing factor to the premature development of heart disease
and stroke and neurodegenerative diseases [43-45]. An improved selection of ingredients to substitute
inflammatory omega-6 fatty acids for brain-essential omega-3 fats could go a long way to preventing
neurodegenerative changes, heart disease, and stroke [46,47].

It is clear by now that high fat-high carbohydrate food can interact with the innate immune system and set
the inflammatory environment of the body. Keep that exposure constant and you have a chronic state. We
know that limiting these foods and altering the pathway of food exposure through the gastrointestinal tract
by means of gastric bypass reverse endotoxemia and the persistent activation of the immune system [48].
Moreover, this procedure resolves the chronic inflammatory state and restores proper insulin signaling to
resolve the diabetic state. Insulin resistance is the natural outcome of persistent activation of the immune
system and consequently a key factor in the development of atherosclerosis. Modifying the nutrient supply
(intake) and the frequency of interactions with the immune system may reduce or even reverse the
cardiometabolic abnormalities.

Conclusions
Given the social resistance of giving up fast food, re-engineering ultra-processed food to become healthier
might be the possible solution for this growing pandemic based on the current available results seen in the
Kuwaiti Danish diary above. Despite our best efforts, therapies and interventions have limited efficacy and
outcomes remain basically unchanged. Perhaps, it is then time to start addressing them during childhood,
adolescence, and in young adults. This might prove to be our most enduring and effective legacy.

Additional Information

2023 Sawalha et al. Cureus 15(10): e47484. DOI 10.7759/cureus.47484 5 of 7

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Khalid Sawalha, Vyomesh Tripathi, Deya Alkhatib, Luay Alalawi, Ahmed Mahmood,
Thomas Alexander

Acquisition, analysis, or interpretation of data:  Khalid Sawalha, Vyomesh Tripathi, Deya Alkhatib, Luay
Alalawi, Ahmed Mahmood, Thomas Alexander

Drafting of the manuscript:  Khalid Sawalha, Vyomesh Tripathi, Deya Alkhatib, Luay Alalawi, Ahmed
Mahmood, Thomas Alexander

Critical review of the manuscript for important intellectual content:  Khalid Sawalha, Vyomesh
Tripathi, Deya Alkhatib, Luay Alalawi, Ahmed Mahmood, Thomas Alexander

Supervision:  Khalid Sawalha, Vyomesh Tripathi, Deya Alkhatib, Luay Alalawi, Ahmed Mahmood, Thomas
Alexander

Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Martínez Steele E, Baraldi LG, Louzada ML, Moubarac JC, Mozaffarian D, Monteiro CA: Ultra-processed

foods and added sugars in the US diet: evidence from a nationally representative cross-sectional study. BMJ
Open. 2016, 6:e009892. 10.1136/bmjopen-2015-009892

2. Costa Louzada ML, Martins AP, Canella DS, et al.: Ultra-processed foods and the nutritional dietary profile
in Brazil. Rev Saude Publica. 2015, 49:38. 10.1590/S0034-8910.2015049006132

3. Monteiro CA, Levy RB, Claro RM, Castro IR, Cannon G: A new classification of foods based on the extent and
purpose of their processing. Cad Saude Publica. 2010, 26:2039-49. 10.1590/s0102-311x2010001100005

4. Juul F, Martinez-Steele E, Parekh N, Monteiro CA, Chang VW: Ultra-processed food consumption and excess
weight among US adults. Br J Nutr. 2018, 120:90-100. 10.1017/S0007114518001046

5. Braesco V, Souchon I, Sauvant P, Haurogné T, Maillot M, Féart C, Darmon N: Ultra-processed foods: how
functional is the NOVA system?. Eur J Clin Nutr. 2022, 76:1245-53. 10.1038/s41430-022-01099-1

6. Srour B, Fezeu LK, Kesse-Guyot E, et al.: Ultra-processed food intake and risk of cardiovascular disease:
prospective cohort study (NutriNet-Santé). BMJ. 2019, 365:l1451. 10.1136/bmj.l1451

7. Schnabel L, Kesse-Guyot E, Allès B, et al.: Association between ultraprocessed food consumption and risk of
mortality among middle-aged adults in France. JAMA Intern Med. 2019, 179:490-8.
10.1001/jamainternmed.2018.7289

8. Juul F, Vaidean G, Lin Y, Deierlein AL, Parekh N: Ultra-processed foods and incident cardiovascular disease
in the Framingham Offspring Study. J Am Coll Cardiol. 2021, 77:1520-31. 10.1016/j.jacc.2021.01.047

9. Gearhardt, Ashley N: Neural correlates of food addiction. University of Michigan. 2014,
10. Temple NJ: Fat, sugar, whole grains and heart disease: 50 years of confusion . Nutrients. 2018, 10:39.

10.3390/nu10010039
11. Vos MB, Kimmons JE, Gillespie C, Welsh J, Blanck HM: Dietary fructose consumption among US children

and adults: the Third National Health and Nutrition Examination Survey. Medscape J Med. 2008, 10:160.
12. Beckman JA, Creager MA: Vascular complications of diabetes. Circ Res. 2016, 118:1771-85.

10.1161/CIRCRESAHA.115.306884
13. Steinberger J, Daniels SR: Obesity, insulin resistance, diabetes, and cardiovascular risk in children: an

American Heart Association scientific statement from the Atherosclerosis, Hypertension, and Obesity in the
Young Committee (Council on Cardiovascular Disease in the Young) and the Diabetes Committee (Council
on Nutrition, Physical Activity, and Metabolism). Circulation. 2003, 107:1448-53.
10.1161/01.cir.0000060923.07573.f2

14. Wolf D, Ley K: Immunity and inflammation in atherosclerosis . Circ Res. 2019, 124:315-27.
10.1161/CIRCRESAHA.118.313591

15. Cani PD, Amar J, Iglesias MA, et al.: Metabolic endotoxemia initiates obesity and insulin resistance.
Diabetes. 2007, 56:1761-72. 10.2337/db06-1491

16. Erlanson-Albertsson C, Stenkula KG: The importance of food for endotoxemia and an inflammatory
response. Int J Mol Sci. 2021, 22:9562. 10.3390/ijms22179562

17. Dall'Olio F, Vanhooren V, Chen CC, Slagboom PE, Wuhrer M, Franceschi C: N-glycomic biomarkers of
biological aging and longevity: a link with inflammaging. Ageing Res Rev. 2013, 12:685-98.
10.1016/j.arr.2012.02.002

18. Ohtsubo K, Marth JD: Glycosylation in cellular mechanisms of health and disease . Cell. 2006, 126:855-67.
10.1016/j.cell.2006.08.019

2023 Sawalha et al. Cureus 15(10): e47484. DOI 10.7759/cureus.47484 6 of 7

https://dx.doi.org/10.1136/bmjopen-2015-009892
https://dx.doi.org/10.1136/bmjopen-2015-009892
https://dx.doi.org/10.1590/S0034-8910.2015049006132
https://dx.doi.org/10.1590/S0034-8910.2015049006132
https://dx.doi.org/10.1590/s0102-311x2010001100005
https://dx.doi.org/10.1590/s0102-311x2010001100005
https://dx.doi.org/10.1017/S0007114518001046
https://dx.doi.org/10.1017/S0007114518001046
https://dx.doi.org/10.1038/s41430-022-01099-1
https://dx.doi.org/10.1038/s41430-022-01099-1
https://dx.doi.org/10.1136/bmj.l1451
https://dx.doi.org/10.1136/bmj.l1451
https://dx.doi.org/10.1001/jamainternmed.2018.7289
https://dx.doi.org/10.1001/jamainternmed.2018.7289
https://dx.doi.org/10.1016/j.jacc.2021.01.047
https://dx.doi.org/10.1016/j.jacc.2021.01.047
https://sites.lsa.umich.edu/fastlab/wp-content/uploads/sites/915/2021/04/Gearhardtetal_NeuralCorrelatesofFoodAddiction_2011.pdf
https://dx.doi.org/10.3390/nu10010039
https://dx.doi.org/10.3390/nu10010039
https://pubmed.ncbi.nlm.nih.gov/18769702/
https://dx.doi.org/10.1161/CIRCRESAHA.115.306884
https://dx.doi.org/10.1161/CIRCRESAHA.115.306884
https://dx.doi.org/10.1161/01.cir.0000060923.07573.f2
https://dx.doi.org/10.1161/01.cir.0000060923.07573.f2
https://dx.doi.org/10.1161/CIRCRESAHA.118.313591
https://dx.doi.org/10.1161/CIRCRESAHA.118.313591
https://dx.doi.org/10.2337/db06-1491
https://dx.doi.org/10.2337/db06-1491
https://dx.doi.org/10.3390/ijms22179562
https://dx.doi.org/10.3390/ijms22179562
https://dx.doi.org/10.1016/j.arr.2012.02.002
https://dx.doi.org/10.1016/j.arr.2012.02.002
https://dx.doi.org/10.1016/j.cell.2006.08.019
https://dx.doi.org/10.1016/j.cell.2006.08.019


19. Zhang Q, Raoof M, Chen Y, et al.: Circulating mitochondrial DAMPs cause inflammatory responses to injury .
Nature. 2010, 464:104-7. 10.1038/nature08780

20. Khansari N, Shakiba Y, Mahmoudi M: Chronic inflammation and oxidative stress as a major cause of age-
related diseases and cancer. Recent Pat Inflamm Allergy Drug Discov. 2009, 3:73-80.
10.2174/187221309787158371

21. Khalil H, Tazi M, Caution K, et al.: Aging is associated with hypermethylation of autophagy genes in
macrophages. Epigenetics. 2016, 11:381-8. 10.1080/15592294.2016.1144007

22. Monte SV, Caruana JA, Ghanim H, Sia CL, Korzeniewski K, Schentag JJ, Dandona P: Reduction in
endotoxemia, oxidative and inflammatory stress, and insulin resistance after Roux-en-Y gastric bypass
surgery in patients with morbid obesity and type 2 diabetes mellitus. Surgery. 2012, 151:587-93.
10.1016/j.surg.2011.09.038

23. Saad MJ, Santos A, Prada PO: Linking gut microbiota and inflammation to obesity and insulin resistance .
Physiology (Bethesda). 2016, 31:283-93. 10.1152/physiol.00041.2015

24. Bäckhed F, Ding H, Wang T, et al.: The gut microbiota as an environmental factor that regulates fat storage .
Proc Natl Acad Sci U S A. 2004, 101:15718-23. 10.1073/pnas.0407076101

25. de J R De-Paula V, Forlenza AS, Forlenza OV: Relevance of gutmicrobiota in cognition, behaviour and
Alzheimer's disease. Pharmacol Res. 2018, 136:29-34. 10.1016/j.phrs.2018.07.007

26. Gu Y, Manly JJ, Schupf N, Mayeux R: Sugary beverage consumption and risk of Alzheimer's disease in a
community-based multiethnic population. Alzheimer's & Dementia. 2018, 14:645.
10.1016/j.jalz.2018.06.2696

27. Valdes AM, Walter J, Segal E, Spector TD: Role of the gut microbiota in nutrition and health . BMJ. 2018,
361:k2179. 10.1136/bmj.k2179

28. Martínez Leo EE, Segura Campos MR: Effect of ultra-processed diet on gut microbiota and thus its role in
neurodegenerative diseases. Nutrition. 2020, 71:110609. 10.1016/j.nut.2019.110609

29. Neag MA, Mitre AO, Catinean A, Buzoianu AD: Overview of the microbiota in the gut-liver axis in viral B
and C hepatitis. World J Gastroenterol. 2021, 27:7446-61. 10.3748/wjg.v27.i43.7446

30. Endo A, Salminen S: Honeybees and beehives are rich sources for fructophilic lactic acid bacteria . Syst Appl
Microbiol. 2013, 36:444-8. 10.1016/j.syapm.2013.06.002

31. Tagliabue A, Elli M: The role of gut microbiota in human obesity: recent findings and future perspectives .
Nutr Metab Cardiovasc Dis. 2013, 23:160-8. 10.1016/j.numecd.2012.09.002

32. Yates SC, Zafar A, Hubbard P, et al.: Dysfunction of the mTOR pathway is a risk factor for Alzheimer's
disease. Acta Neuropathol Commun. 2013, 1:3. 10.1186/2051-5960-1-3

33. Cardoso BR, Machado P, Steele EM: Association between ultra-processed food consumption and cognitive
performance in US older adults: a cross-sectional analysis of the NHANES 2011-2014. Eur J Nutr. 2022,
61:3975-85. 10.1007/s00394-022-02911-1

34. Huynh VA, Takala TM, Murros KE, Diwedi B, Saris PE: Desulfovibrio bacteria enhance alpha-synuclein
aggregation in a Caenorhabditis elegans model of Parkinson's disease. Front Cell Infect Microbiol. 2023,
13:1181315. 10.3389/fcimb.2023.1181315

35. Harlan TS, Gow RV, Kornstädt A, Alderson PW, Lustig RH: The Metabolic Matrix: re-engineering
ultraprocessed foods to feed the gut, protect the liver, and support the brain. Front Nutr. 2023, 10:1098453.
10.3389/fnut.2023.1098453

36. Reynolds A, Mann J, Cummings J, Winter N, Mete E, Morenga LT: Carbohydrate quality and human health: a
series of systematic reviews and meta-analyses. Lancet. 2019, 393:434-45. 10.1016/s0140-6736(18)31809-9

37. Sanna S, van Zuydam NR, Mahajan A, et al.: Causal relationships among the gut microbiome, short-chain
fatty acids and metabolic diseases. Nat Genet. 2019, 51:600-5. 10.1038/s41588-019-0350-x

38. Nogal A, Louca P, Zhang X, et al.: Circulating levels of the short-chain fatty acid acetate mediate the effect
of the gut microbiome on visceral fat. Front Microbiol. 2021, 12:711359. 10.3389/fmicb.2021.711359

39. Nogal A, Valdes AM, Menni C: The role of short-chain fatty acids in the interplay between gut microbiota
and diet in cardio-metabolic health. Gut Microbes. 2021, 13:1-24. 10.1080/19490976.2021.1897212

40. van der Hee B, Wells JM: Microbial regulation of host physiology by short-chain fatty acids . Trends
Microbiol. 2021, 29:700-12. 10.1016/j.tim.2021.02.001

41. Templeman NM, Skovsø S, Page MM, Lim GE, Johnson JD: A causal role for hyperinsulinemia in obesity . J
Endocrinol. 2017, 232:R173-83. 10.1530/JOE-16-0449

42. Lustig RH: Ultraprocessed food: addictive, toxic, and ready for regulation . Nutrients. 2020, 12:3401.
10.3390/nu12113401

43. Albert BB, Derraik JG, Brennan CM, et al.: Higher omega-3 index is associated with increased insulin
sensitivity and more favourable metabolic profile in middle-aged overweight men. Sci Rep. 2014, 4:6697.
10.1038/srep06697

44. Hu Y, Hu FB, Manson JE: Marine omega-3 supplementation and cardiovascular disease: an updated meta-
analysis of 13 randomized controlled trials involving 127 477 participants. J Am Heart Assoc. 2019,
8:e013543. 10.1161/JAHA.119.013543

45. Avallone R, Vitale G, Bertolotti M: Omega-3 fatty acids and neurodegenerative diseases: new evidence in
clinical trials. Int J Mol Sci. 2019, 20:4256. 10.3390/ijms20174256

46. Innes JK, Calder PC: Omega-6 fatty acids and inflammation . Prostaglandins Leukot Essent Fatty Acids. 2018,
132:41-8. 10.1016/j.plefa.2018.03.004

47. Blasbalg TL, Hibbeln JR, Ramsden CE, Majchrzak SF, Rawlings RR: Changes in consumption of omega-3 and
omega-6 fatty acids in the United States during the 20th century. Am J Clin Nutr. 2011, 93:950-62.
10.3945/ajcn.110.006643

48. Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V, Mardis ER, Gordon JI: An obesity-associated gut
microbiome with increased capacity for energy harvest. Nature. 2006, 444:1027-31. 10.1038/nature05414

2023 Sawalha et al. Cureus 15(10): e47484. DOI 10.7759/cureus.47484 7 of 7

https://dx.doi.org/10.1038/nature08780
https://dx.doi.org/10.1038/nature08780
https://dx.doi.org/10.2174/187221309787158371
https://dx.doi.org/10.2174/187221309787158371
https://dx.doi.org/10.1080/15592294.2016.1144007
https://dx.doi.org/10.1080/15592294.2016.1144007
https://dx.doi.org/10.1016/j.surg.2011.09.038
https://dx.doi.org/10.1016/j.surg.2011.09.038
https://dx.doi.org/10.1152/physiol.00041.2015
https://dx.doi.org/10.1152/physiol.00041.2015
https://dx.doi.org/10.1073/pnas.0407076101
https://dx.doi.org/10.1073/pnas.0407076101
https://dx.doi.org/10.1016/j.phrs.2018.07.007
https://dx.doi.org/10.1016/j.phrs.2018.07.007
https://dx.doi.org/10.1016/j.jalz.2018.06.2696
https://dx.doi.org/10.1016/j.jalz.2018.06.2696
https://dx.doi.org/10.1136/bmj.k2179
https://dx.doi.org/10.1136/bmj.k2179
https://dx.doi.org/10.1016/j.nut.2019.110609
https://dx.doi.org/10.1016/j.nut.2019.110609
https://dx.doi.org/10.3748/wjg.v27.i43.7446
https://dx.doi.org/10.3748/wjg.v27.i43.7446
https://dx.doi.org/10.1016/j.syapm.2013.06.002
https://dx.doi.org/10.1016/j.syapm.2013.06.002
https://dx.doi.org/10.1016/j.numecd.2012.09.002
https://dx.doi.org/10.1016/j.numecd.2012.09.002
https://dx.doi.org/10.1186/2051-5960-1-3
https://dx.doi.org/10.1186/2051-5960-1-3
https://dx.doi.org/10.1007/s00394-022-02911-1
https://dx.doi.org/10.1007/s00394-022-02911-1
https://dx.doi.org/10.3389/fcimb.2023.1181315
https://dx.doi.org/10.3389/fcimb.2023.1181315
https://dx.doi.org/10.3389/fnut.2023.1098453
https://dx.doi.org/10.3389/fnut.2023.1098453
https://dx.doi.org/10.1016/s0140-6736(18)31809-9
https://dx.doi.org/10.1016/s0140-6736(18)31809-9
https://dx.doi.org/10.1038/s41588-019-0350-x
https://dx.doi.org/10.1038/s41588-019-0350-x
https://dx.doi.org/10.3389/fmicb.2021.711359
https://dx.doi.org/10.3389/fmicb.2021.711359
https://dx.doi.org/10.1080/19490976.2021.1897212
https://dx.doi.org/10.1080/19490976.2021.1897212
https://dx.doi.org/10.1016/j.tim.2021.02.001
https://dx.doi.org/10.1016/j.tim.2021.02.001
https://dx.doi.org/10.1530/JOE-16-0449
https://dx.doi.org/10.1530/JOE-16-0449
https://dx.doi.org/10.3390/nu12113401
https://dx.doi.org/10.3390/nu12113401
https://dx.doi.org/10.1038/srep06697
https://dx.doi.org/10.1038/srep06697
https://dx.doi.org/10.1161/JAHA.119.013543
https://dx.doi.org/10.1161/JAHA.119.013543
https://dx.doi.org/10.3390/ijms20174256
https://dx.doi.org/10.3390/ijms20174256
https://dx.doi.org/10.1016/j.plefa.2018.03.004
https://dx.doi.org/10.1016/j.plefa.2018.03.004
https://dx.doi.org/10.3945/ajcn.110.006643
https://dx.doi.org/10.3945/ajcn.110.006643
https://dx.doi.org/10.1038/nature05414
https://dx.doi.org/10.1038/nature05414

	Our Hidden Enemy: Ultra-Processed Foods, Inflammation, and the Battle for Heart Health
	Abstract
	Introduction And Background
	What is ultra-processed food, and why is it important
	FIGURE 1: The four main groups of the NOVA classification system for processed foods.
	FIGURE 2: The shared pathway between food and substance addiction.


	Review
	Inflammatory processes and gut microbiota
	FIGURE 3: The inflammatory pathways in which ultra-processed foods affect our bodies.

	Possible future directions of ultra-processed food

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


