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Many noncommunicable diseases, such as atherosclerosis and other
cardiometabolic diseases, are defined as inflammatory diseases, which
suggests that multifactorial interactions linked to exacerbated disease
pathology include pro-inflammatory chemical and nonchemical stres-
sor. Recent data suggest that genetic and lifestyle factors are indepen-
dently associated with susceptibility to cardiovascular diseases (Khera
et al., 2016; Satija et al., 2018; Tong, 2016). Thus, potential biological
interactions between chemical and nonchemical stressors and buffers
and other lifestyle factors will determine disease outcome. Chemi-
cal stressors include environmental pollutants with pro-oxidant and
pro-inflammatory properties, such as air pollutants, both gaseous and
particulate matter, and persistent organic pollutants, such as dioxin-
like polychlorinated biphenyls (PCBs). Many persistent organic pollu-
tants also have an affinity for the aryl hydrocarbon receptor (AhR).
AhR ligands lead to induction of cytochrome P450s and free radical
formation, followed by inflammation. For example, dioxin-like PCBs
can increase endothelial cell dysfunction, activation, and inflammation
(e.g., increased adhesion molecule expression and cytokine production)
(Hennig et al., 2005).

It is unlikely that pollutant remediation alone will be sufficient to
address the health impacts associated with chronic pollutant exposure,
because most environmental toxicants such as persistent organic pol-
lutants (POPs) are ubiquitous in the ecosystem. Thus, there is a need
to explore preventive measures of environmental exposure and dis-
ease risk through positive lifestyle changes such as healthful nutri-
tion (Hennig et al., 2007). Our data indicate that plant-derived diets

enriched with fiber or bioactive food components such as phytochem-
icals can prevent or decrease toxicant-induced inflammation (Deng
et al,, 2020). In fact, our data suggest that nutrition, or the type of
diet we eat, can modulate environmental insults and disease out-
come. For example, fats/oils high in omega-6 fatty acids can act as
pro-oxidative and pro-inflammatory stressors, thus exacerbating an
inflammatory response. Mechanistically, many environmental pollu-
tants and pro-atherosclerotic nutrients/diets can both activate nuclear
factor-«B (NF-xB) signaling leading to further increases in oxidative
stress and inflammation. In contrast, many anti-inflammatory nutri-
ents and/or bioactive phytochemicals can decrease inflammation by
activating nuclear factor erythroid 2-related factor 2 (Nrf2) signaling.
This is important, because foods rich in omega-3 fatty acids and plant-
derived phytochemicals (e.g., polyphenols) or bioactive compounds can
act as nonchemical buffers to reduce inflammation and thus prevent
disease outcome associated with exposure to environmental toxicants
(Hennig et al., 2018; Lim et al., 2019). Our data, including metabolomic
profiling, suggest that the pathology of inflammatory diseases initi-
ated or caused by exposure to environmental pollutants (e.g., dioxin-
like PCBs) is complex and may involve disturbances in the gut micro-
biota, liver, and vascular tissues (Deng et al., 2019; Petriello et al.,
2018). The literature, including our data, also suggest that nutritional
intervention can modulate the gut microbiota (Leeming et al., 2019;
Petriello et al., 2018). This suggests that positive lifestyle changes, such
as healthful nutrition, can have a disease-reducing impact already at

the level of the gut microbiota. Of special interest are meaningful and
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translational approaches of prevention/intervention to lower disease
outcome linked to complex interactions of chemical stressors to mod-
ify the outcome of cardiometabolic diseases, that is, diseases linked
to major causes of death especially in developed countries. There-
fore, adopting healthy lifestyle changes, such as consuming healthy
diets rich in plant-derived bioactive nutrients, may reduce the vulner-
ability to diseases linked to environmental toxic insults (Hennig et al.,
2007). This nutritional paradigm in environmental toxicology requires
further study in order to improve our understanding of the relation-
ship between nutrition or other lifestyle modifications and toxicant-
induced diseases.

ACKNOWLEDGMENT
This study is supported in part by NIEHS/NIH grant P42ES007380 and
the Kentucky Agricultural Experiment Station.

REFERENCES

Deng, P, Barney, J., Petriello, M. C., Morris, A. J., Wahlang, B., & Hennig, B.
(2019). Hepatic metabolomics reveals that liver injury increases PCB
126-induced oxidative stress and metabolic dysfunction. Chemosphere,
217,140-149.

Deng, P, Hoffman, J. B., Petriello, M. C.,, Wang, C. Y., Li, X. S., Kraemer, M. P,
... Hennig, B. (2020). Dietary inulin decreases circulating ceramides by
suppressing neutral sphingomyelinase expression and activity in mice.
Journal of Lipid Research, 61,45-53.

Hennig, B., Ettinger, A. S., Jandacek, R. J., Koo, S., McClain, C., Seifried, H.,
... Suk, W. A. (2007). Using nutrition for intervention and prevention
against environmental chemical toxicity and associated diseases. Envi-
ronmental Health Perspectives, 115,493-495.

Hennig, B., Petriello, M. C., Gamble, M. V, Surh, Y. J,, Kresty, L. A,, Frank,
N., ... Suk, W. A. (2018). The role of nutrition in influencing mechanisms
involved in environmentally mediated diseases. Reviews on Environmen-
tal Health, 33,87-97.

Hennig, B., Reiterer, G., Majkova, Z., Oesterling, E., Meerarani, P.,, & Toborek,
M. (2005). Modification of environmental toxicity by nutrients: Implica-
tions in atherosclerosis. Cardiovascular Toxicology, 5, 153-160.

Khera, A. V., Emdin, C. A,, Drake, |., Natarajan, P, Bick, A. G., Cook, N. R,, ...
Kathiresan, S. (2016). Genetic risk, adherence to a healthy lifestyle, and
coronary disease. New England Journal of Medicine, 375, 2349-2358.

Leeming, E. R., Johnson, A. J.,, Spector, T. D., & Le Roy, C. I. (2019). Effect of
diet on the gut microbiota: Rethinking intervention duration. Nutrients,
11. https://doi.org/10.3390/nu11122862

Lim, C. C, Hayes, R. B, Ahn, J,, Shao, Y., Silverman, D. T,, Jones, R. R,, &
Thurston, G. D. (2019). Mediterranean diet and the association between
air pollution and cardiovascular disease mortality risk. Circulation, 139,
1766-1775.

Petriello, M. C., Hoffman, J. B., Vsevolozhskaya, O., Morris, A. J., & Hennig, B.
(2018). Dioxin-like PCB 126 increases intestinal inflammation and dis-
rupts gut microbiota and metabolic homeostasis. Environmental Pollu-
tion, 242,1022-1032.

Satija, A., & Hu, F. B. (2018). Plant-based diets and cardiovascular health.
Trends in Cardiovascular Medicine, 28, 437-441.

Tong, H. (2016). Dietary and pharmacological intervention to mitigate the
cardiopulmonary effects of air pollution toxicity. Biochimica et Biophysica
Acta, 1860, 2891-2898.

How to cite this article: Hennig B, Deng P. Healthful nutrition
as a prevention and intervention paradigm to decrease the
vulnerability to environmental toxicity or stressors and
associated inflammatory disease risks. Food Front.
2020;1:13-14. https://doi.org/10.1002/fft2.6



https://doi.org/10.3390/nu11122862
https://doi.org/10.1002/fft2.6

	Healthful Nutrition as a Prevention and Intervention Paradigm to Decrease the Vulnerability to Environmental Toxicity or Stressors and Associated Inflammatory Disease Risks
	Repository Citation

	Healthful Nutrition as a Prevention and Intervention Paradigm to Decrease the Vulnerability to Environmental Toxicity or Stressors and Associated Inflammatory Disease Risks
	Digital Object Identifier (DOI)
	Notes/Citation Information

	Healthful nutrition as a prevention and intervention paradigm to decrease the vulnerability to environmental toxicity or stressors and associated inflammatory disease risks

