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A Western diet characterised by high intake of energy-dense and processed food is a risk factor for
many chronic diseases including diabetes, obesity and cardiovascular diseases [1]. Much of the research
focus is on the high intake of fat, sugar, and low intake of fibre and fruits and vegetables [1]. One
of the underlying mechanisms linking Western diet and chronic diseases is inflammation. A dietary
inflammatory index has been proposed and tested to reflect the link between diet and inflammation in
different populations [2].

Our diet provides not only the nutrients we need but also the material and medium for sustenance
and growth of gut bacteria. The composition of the diet will inevitably affect selective growth of types
of bacteria in the gut. Since the role of gut microbiota in health has been discovered [3], there is a
growing number of studies on the role of diet on gut microbiota [4–7]. Among the studied foods,
ultra-processed food has attracted great attention. The concept of ultra-processed foods came from the
NOVA system. According to the NOVA classification system, foods are classified into four groups
based on the extent and purpose of the industrial processing involved [8]. Ultra-processed foods
(e.g., soft drinks, savoury snacks) are highly palatable, having long shelf-life and relatively cheap and
can be consumed anywhere at any time [8]. However, these foods are typically characterized by a poor
nutritional profile. The consumption of ultra-processed food is high in many high income countries.
For example, the percentage of energy intake from ultra-processed food is 29.1% in France [9], 42% in
Australia [10] and 57.9% in the USA [11].

Zinöcker MK and Lindseth IA systematically examined the effects of ultra-processed food on gut
microbiota [12]. The review is ground-breaking in several respects. It is the first comprehensive review
of the current evidence on the impact of ultra-processed food on gut microbiota, mainly conducted
in animals. A list of harmful factors of ultra-processed food has been reviewed and suggests the
significance and magnitude of the problems. The factors causing concern include acellular nutrients,
food additives (e.g., emulsifiers and artificial sweeteners) and pathogen associated molecular patterns
(PAMPs). The effects of ultra-processed foods on human health are likely to be the result of synergic
effects of many compounds and characteristics of the foods. The key message from the review is that
high consumption of ultra-processed food can change the gut microbiota and lead to inflammation.
The effects can even be transferred to later generations via epigenetic change. As the review is mainly
based on animal studies, more research is needed in humans, especially long-term clinical trials [13].

Although Zinöcker MK and Lindseth IA have provided a comprehensive list of risk factors that
may affect the gut microbiota [12], the list may keep increasing with the advance of our understanding
of ultra- processed food and the use of new food technology. This review should serve as a wakeup call
for the action on regulating ultra-processed food. Before approval, there is no regulation for the testing
of the effects of food additives on gut microbiota. Although some food additives can be beneficial for
human health, others may alter the composition of the microbiota and lead to gut inflammation, which
may promote diverse forms of inflammatory diseases.
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Data from population based epidemiological studies consistently suggest a strong association
between ultra-processed food and health outcomes in different countries. In 2019 alone, four large-scale
studies have been published. Data from the NutriNet-Santé cohort (France 2009�2018) study suggest
that the association between ultra-processed food and CVD is independent of BMI, intake of energy, fat
and fibre [14]. In the same cohort study, consumption of ultra-processed food was associated with an
increased risk of mortality [9] and depression [15]. In Spain, findings from the SUN prospective cohort
study suggest that for each additional serving of ultra-processed foods, all-cause mortality increased
by 18% [16]. Although these studies did not test the mediating effect of gut microbiota based on the
existing evidence in the field, the findings are likely to be true. The consumption of ultra-processed
food has also been linked to urinary levels of phthalates and bisphenols in the U.S. National Health
and Nutrition Examination Survey [17].

The evidence requires a change in our dietary guidelines by including guidelines on food
processing. Current dietary guidelines in most of the countries focus on nutrients or food groups.
However, still the Mediterranean diet is recommended for better health outcomes without taking into
account to what extent the major food groups in the Mediterranean diet are processed [18]. Even home
processing of these food may corrupt the health effects. For instance, frying vegetables with olive oil at
high temperature is less likely to have anticipated health benefits. A vegetable-rich dietary pattern
in which vegetables were cooked with oil was found to be associated with the risk of obesity in the
Chinese population [19].

Making healthy foods from raw material available and affordable is essential to reduce the
consumption of ultra-processed food. To achieve this goal, the government and the food industry
should work together. Monetary policy should be in place to foster a healthy food environment. This
includes putting a tax on ultra-processed food. Using gut microbiota as indicators for the assessment
of food safety could be an effective way to regulate the production and amount of ultra-processed
food in the market. However, more research is still needed before gut microbiota can be used in the
assessment of food safety.

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflict of interest.

References

1. Cordain, L.; Eaton, S.B.; Sebastian, A.; Mann, N.; Lindeberg, S.; Watkins, B.A.; O’Keefe, J.H.; Brand-Miller, J.
Origins and evolution of the Western diet: Health implications for the 21st century. Am. J. Clin. Nutr. 2005,
81, 341–354. [CrossRef] [PubMed]

2. Shivappa, N.; Steck, S.E.; Hurley, T.G.; Hussey, J.R.; Hebert, J.R. Designing and developing a literature-derived,
population-based dietary inflammatory index. Public Health Nutr. 2014, 17, 1689–1696. [CrossRef] [PubMed]

3. Sekirov, I.; Russell, S.L.; Antunes, L.C.; Finlay, B.B. Gut microbiota in health and disease. Physiol. Rev. 2010,
90, 859–904. [CrossRef] [PubMed]

4. De Filippo, C.; Cavalieri, D.; Di Paola, M.; Ramazzotti, M.; Poullet, J.B.; Massart, S.; Collini, S.; Pieraccini, G.;
Lionetti, P. Impact of diet in shaping gut microbiota revealed by a comparative study in children from Europe
and rural Africa. Proc. Natl. Acad. Sci. USA 2010, 107, 14691–14696. [CrossRef] [PubMed]

5. Mokkala, K.; Houttu, N.; Cansev, T.; Laitinen, K. Interactions of dietary fat with the gut microbiota: Evaluation
of mechanisms and metabolic consequences. Clin. Nutr. 2019. [CrossRef] [PubMed]

6. Tomova, A.; Bukovsky, I.; Rembert, E.; Yonas, W.; Alwarith, J.; Barnard, N.D.; Kahleova, H. The Effects of
Vegetarian and Vegan Diets on Gut Microbiota. Front. Nutr. 2019, 6, 47. [CrossRef] [PubMed]

7. Ruiz-Ojeda, F.J.; Plaza-Diaz, J.; Saez-Lara, M.J.; Gil, A. Effects of Sweeteners on the Gut Microbiota: A Review
of Experimental Studies and Clinical Trials. Adv. Nutr. 2019, 10, S31–S48. [CrossRef] [PubMed]

8. Monteiro, C.A.; Cannon, G.; Levy, R.B.; Moubarac, J.C.; Louzada, M.L.; Rauber, F.; Khandpur, N.; Cediel, G.;
Neri, D.; Martinez-Steele, E.; et al. Ultra-processed foods: What they are and how to identify them.
Public Health Nutr. 2019, 22, 936–941. [CrossRef] [PubMed]

http://dx.doi.org/10.1093/ajcn.81.2.341
http://www.ncbi.nlm.nih.gov/pubmed/15699220
http://dx.doi.org/10.1017/S1368980013002115
http://www.ncbi.nlm.nih.gov/pubmed/23941862
http://dx.doi.org/10.1152/physrev.00045.2009
http://www.ncbi.nlm.nih.gov/pubmed/20664075
http://dx.doi.org/10.1073/pnas.1005963107
http://www.ncbi.nlm.nih.gov/pubmed/20679230
http://dx.doi.org/10.1016/j.clnu.2019.05.003
http://www.ncbi.nlm.nih.gov/pubmed/31171289
http://dx.doi.org/10.3389/fnut.2019.00047
http://www.ncbi.nlm.nih.gov/pubmed/31058160
http://dx.doi.org/10.1093/advances/nmy037
http://www.ncbi.nlm.nih.gov/pubmed/30721958
http://dx.doi.org/10.1017/S1368980018003762
http://www.ncbi.nlm.nih.gov/pubmed/30744710


Nutrients 2019, 11, 2287 3 of 3

9. Schnabel, L.; Kesse-Guyot, E.; Alles, B.; Touvier, M.; Srour, B.; Hercberg, S.; Buscail, C.; Julia, C. Association
Between Ultraprocessed Food Consumption and Risk of Mortality Among Middle-aged Adults in France.
JAMA Intern. Med. 2019, 179, 490–498. [CrossRef] [PubMed]

10. Machado, P.P.; Steele, E.M.; Levy, R.B.; Sui, Z.; Rangan, A.; Woods, J.; Gill, T.; Scrinis, G.; Monteiro, C.A.
Ultra-processed foods and recommended intake levels of nutrients linked to non-communicable diseases
in Australia: Evidence from a nationally representative cross-sectional study. BMJ Open 2019, 9, e029544.
[CrossRef] [PubMed]

11. Martinez Steele, E.; Baraldi, L.G.; Louzada, M.L.; Moubarac, J.C.; Mozaffarian, D.; Monteiro, C.A.
Ultra-processed foods and added sugars in the US diet: Evidence from a nationally representative
cross-sectional study. BMJ Open 2016, 6, e009892. [CrossRef] [PubMed]

12. Zinocker, M.K.; Lindseth, I.A. The Western Diet-Microbiome-Host Interaction and Its Role in Metabolic
Disease. Nutrients 2018, 10, 365. [CrossRef] [PubMed]

13. Ludwig, D.S.; Astrup, A.; Bazzano, L.A.; Ebbeling, C.B.; Heymsfield, S.B.; King, J.C.; Willett, W.C.
Ultra-Processed Food and Obesity: The Pitfalls of Extrapolation from Short Studies. Cell Metab. 2019, 30, 3–4.
[CrossRef] [PubMed]

14. Srour, B.; Fezeu, L.K.; Kesse-Guyot, E.; Alles, B.; Mejean, C.; Andrianasolo, R.M.; Chazelas, E.; Deschasaux, M.;
Hercberg, S.; Galan, P.; et al. Ultra-processed food intake and risk of cardiovascular disease: Prospective
cohort study (NutriNet-Sante). BMJ 2019, 365, l1451. [CrossRef] [PubMed]

15. Adjibade, M.; Julia, C.; Alles, B.; Touvier, M.; Lemogne, C.; Srour, B.; Hercberg, S.; Galan, P.; Assmann, K.E.;
Kesse-Guyot, E. Prospective association between ultra-processed food consumption and incident depressive
symptoms in the French NutriNet-Sante cohort. BMC Med. 2019, 17, 78. [CrossRef] [PubMed]

16. Rico-Campa, A.; Martinez-Gonzalez, M.A.; Alvarez-Alvarez, I.; Mendonca, R.D.; de la Fuente-Arrillaga, C.;
Gomez-Donoso, C.; Bes-Rastrollo, M. Association between consumption of ultra-processed foods and all
cause mortality: SUN prospective cohort study. BMJ 2019, 365, l1949. [CrossRef] [PubMed]

17. Buckley, J.P.; Kim, H.; Wong, E.; Rebholz, C.M. Ultra-processed food consumption and exposure to phthalates
and bisphenols in the US National Health and Nutrition Examination Survey, 2013–2014. Environ. Int. 2019,
131, 105057. [CrossRef] [PubMed]

18. Hoffman, R.; Gerber, M. Food Processing and the Mediterranean Diet. Nutrients 2015, 7, 7925–7964. [CrossRef]
[PubMed]

19. Shi, Z.; Yuan, B.; Hu, G.; Dai, Y.; Zuo, H.; Holmboe-Ottesen, G. Dietary pattern and weight change in a 5-year
follow-up among Chinese adults: Results from the Jiangsu Nutrition Study. Br. J. Nutr. 2011, 105, 1047–1054.
[CrossRef] [PubMed]

© 2019 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1001/jamainternmed.2018.7289
http://www.ncbi.nlm.nih.gov/pubmed/30742202
http://dx.doi.org/10.1136/bmjopen-2019-029544
http://www.ncbi.nlm.nih.gov/pubmed/31462476
http://dx.doi.org/10.1136/bmjopen-2015-009892
http://www.ncbi.nlm.nih.gov/pubmed/26962035
http://dx.doi.org/10.3390/nu10030365
http://www.ncbi.nlm.nih.gov/pubmed/29562591
http://dx.doi.org/10.1016/j.cmet.2019.06.004
http://www.ncbi.nlm.nih.gov/pubmed/31230987
http://dx.doi.org/10.1136/bmj.l1451
http://www.ncbi.nlm.nih.gov/pubmed/31142457
http://dx.doi.org/10.1186/s12916-019-1312-y
http://www.ncbi.nlm.nih.gov/pubmed/30982472
http://dx.doi.org/10.1136/bmj.l1949
http://www.ncbi.nlm.nih.gov/pubmed/31142450
http://dx.doi.org/10.1016/j.envint.2019.105057
http://www.ncbi.nlm.nih.gov/pubmed/31398592
http://dx.doi.org/10.3390/nu7095371
http://www.ncbi.nlm.nih.gov/pubmed/26393643
http://dx.doi.org/10.1017/S0007114510004630
http://www.ncbi.nlm.nih.gov/pubmed/21106132
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

