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Editorial on the Research Topic
Diet and exercise-induced inflammation

Post-exercise inflammatory response, characterized by increase in circulating
inflammatory mediators produced by immune cells is a normal physiological process that
is thought to play a vital role in tissue damage repair and enhancing muscle adaptation (1).
However, physical exertion at a very high level of intensity for a prolonged time triggers the
body to initiate a defense response through hormone release, the synthesis of acute phase
proteins, and shifts in fluid and metabolic balance. Intense activities such as long-distance
running promote the increase of inflammatory factors such as IL-6, IL-8, and C-reactive
protein (CRP) which could influence an athlete’s performance (2).

Diet plays a crucial role in providing energy and optimizing athletes’ performance
and recovery. The influence of diet in terms of inflammatory response in exercise is
a vast area of study that has gained much attention in recent years. Potential dietary
components could modulate exercise-induced cellular signals that stimulate inflammatory
factors during intense physical activity (3). In this sense, Daily nutritional strategies that
meet energy demands and provide sufficient specific macro- and micronutrients would
support immune function (4). For instance, probiotics, prebiotics, or other functional
foods are thought to have the potency to modify gut microbiota composition and improve
the conditions of the intestinal epithelium and the immune system response to control
inflammation, improve energy availability, and ultimately improve performance in athletes
(5). The ongoing research in this field is giving us more insight into how different diets
and specific dietary components could attenuate inflammatory biomarkers to benefit the
overall performance of elite athletes (6).

In this Research Topic, Diet and exercise-induced inflammation, we aim to present
the latest findings related to the interplay of nutrition and exercise-induced inflammation
varying from research on cellular pathways to physical performance. We describe the
most influential nutritional resources for modulated exercise-induced inflammation.
Studies on proteins, amino acids, carbohydrates, antioxidants, and dietary supplements
have demonstrated their importance and effectiveness in modulating acute and systemic
inflammation. It is also essential to consider the guidelines on quantity, time, and
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of each of the nutritional elements to

maximize their effectiveness, considering the principle of

composition

sports specificity.

This Research Topic of Frontiers in Nutrition, entitled “Diet
and exercise-induced inflammation” has gathered together six
articles (Tan et al; Przewlocka et al; Morelli et al; Khalafi
et al; Hurst, Lyall, Wells et al; Hurst, Lyall, Roberts et al.):
4 original research (Przewlocka et al; Morelli et al; Hurst,
Lyall, Wells et al; Hurst, Lyall, Roberts et al.), 1 kinematic
perspective study (Tan et al.), and 1 systematic review (Khalafi
etal.).

Hurst et al,, in two different study designs (Hurst, Lyall,
Wells et al; Hurst, Lyall, Roberts et al.) evaluated the effect of
oral supplementation of New Zealand blackcurrant anthocyanin-
rich extract (BAE) acutely 1h before exercise (Hurst, Lyall,
Roberts et al.) or chronically for 5 weeks (Hurst, Lyall, Wells
et al.) on exercise-induced modulation of oxidative stress (Hurst,
Lyall, Wells et al; Hurst, Lyall, Roberts et al.), inflammation
(Hurst, Lyall, Wells et al.; Hurst, Lyall, Roberts et al.), and
circulating neutrophil function (Hurst, Lyall, Roberts et al).
The results from the acute intervention (Hurst, Lyall, Roberts
et al.) revealed a time- and dose-dependent increase in plasma
anthocyanins which peaked after 2h of ingesting 3.2 mg/kg
BAE supplementation. Supplementation with BAE (>1.6 mg/kg)
1h before exercise facilitated recovery from exercise-induced
oxidative stress with significant reductions in plasma oxidative
capacity and post-exercise protein carbonyl levels compared
to the placebo group. Furthermore, BAE preserved circulating
neutrophil function (dose-dependent), because it attenuated the
transient decrease in circulating neutrophils observed in the control
group immediately after exercise. In the long-term intervention
study, daily supplementation of 3.2 mg/kg BAE for 5 weeks
improved post-exercise recovery due to its antioxidant and
anti-inflammatory actions. In this sense, supplementation with
BAE significantly reduced malondialdehyde (MDA) compared
to the placebo group and increased plasma IL-10, salivary
beta-defensin 2 (BD2), and secretory IgA (Hurst, Lyall, Wells
etal.).

The results of the study conducted by Przewlocka et al.
indicated that a 4-week supplementation of probiotics plus
vitamin D3 substantially modifies alpha and beta diversity
on the composition of gut microbiota in mixed martial
arts (MMA) athletes. In the
these described
permeability and improved athletic performance in MMA

time-to-exhaustion exercise

test, researchers improved epithelial cell
athletes (Przewltocka et al.). Strategies targeting the gut microbiome
and amplified by the addition of vitamin D supplementation
would improve suppression of intestinal inflammation through
negative regulation of Toll-like receptor (TLR) expression
(7), as well as enhanced innate immunity through different
mechanisms, such as positive regulation of immunoglobulins,
antimicrobial proteins, phagocytic activity, and natural killer
cell activity, and improvements in T and B lymphocyte
function (5).

The included perspective article (Tan et al.) in this Research
Topic allows a better understanding of the nutritional mechanisms

of Dbioflavonoids from a kinesiological perspective for their
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possible application in sports rehabilitation. Bioflavonoids have
properties that modulate inflammation and reduce oxidative
stress. These actions are due to the ability of bioflavonoids
to reduce inflammation by inhibiting proinflammatory
cytokines, such as tumor necrosis factor-alpha (TNF-a) and
interleukin-6 (IL-6) (8). Furthermore, it also improves the
activity of antioxidant enzymes and keeps reactive oxygen
(ROS)

(9). This evidence would help reduce muscle damage and

species at low levels to prevent oxidative stress
inflammation, thus speeding up the recovery process in athletes
(Tan et al.).

Khalafi et al.
in IL-15
trained and untrained individuals. IL-15 is a myokine with

in a systematic review reported that the
increase is a transient response to exercise in

important metabolic, anabolic, and immune functions,
therefore, the could be

beneficial for the prevention and treatment of disorders in

changes induced by exercise
lipid and glucose metabolism (10), and pharmacologically

beneficial in cancer immunotherapy through antitumor
activity (11).

It has been previously described that adherence to the
Mediterranean Diet and physical activity in adolescence represent
powerful indicators of a healthy lifestyle in adulthood as a
strategy for the prevention of chronic non-communicable diseases
throughout life (12).

The study conducted by Morelli et al. in adolescents
reported that a Mediterranean nutritional education Program
(NEP) and/or physical activity after a 6-month intervention
period improves adherence to the Mediterranean Diet.
NEP negatively affected inflammatory biomarkers, ferritin,
and CRP, whilst physical activity solely or combined with
NEP had no impacts on inflammatory biomarkers (Morelli
etal.).

The published in this

Topic (Tan et al; Przewlocka et al; Morelli

diversity of articles Research
et al; Khalaf
et al; Hurst, Lyall, Wells et al.; Hurst, Lyall, Roberts et al.)
highlights the importance of healthy diets not only for
optimal performance but also for overall health and recovery
in active lifestyles. These studies shed light on the complex
connections among dietary intake, inflammatory responses, and
physical recovery.

By understanding these complex interrelations, we can
develop periodized and personalized nutritional strategies

aimed at attenuating systemic inflammation, accelerating

recovery processes, and preventing chronic diseases. Thus,
further
wellness initiatives, thereby supporting both elite athletes

research is warranted to provide comprehensive
and the general population to optimize their health and

fitness goals.

Author contributions

MA-F: Data curation, Investigation, Supervision, Validation,
Visualization, Writing - review & editing. MK: Data curation,
Investigation, Supervision, Validation, Visualization, Writing -
review & editing. DF-L: Conceptualization, Data curation,

frontiersin.org


https://doi.org/10.3389/fnut.2024.1438832
https://doi.org/10.3389/fnut.2023.1221800
https://doi.org/10.3389/fnut.2023.1256226
https://doi.org/10.3389/fnut.2021.685247
https://doi.org/10.3389/fimmu.2023.1288537
https://doi.org/10.3389/fnut.2020.00016
https://doi.org/10.3389/fnut.2019.00073
https://doi.org/10.3389/fnut.2023.1256226
https://doi.org/10.3389/fnut.2021.685247
https://doi.org/10.3389/fnut.2020.00016
https://doi.org/10.3389/fnut.2019.00073
https://doi.org/10.3389/fnut.2023.1221800
https://doi.org/10.3389/fimmu.2023.1288537
https://doi.org/10.3389/fnut.2020.00016
https://doi.org/10.3389/fnut.2019.00073
https://doi.org/10.3389/fnut.2019.00073
https://doi.org/10.3389/fnut.2020.00016
https://doi.org/10.3389/fnut.2020.00016
https://doi.org/10.3389/fnut.2019.00073
https://doi.org/10.3389/fnut.2020.00016
https://doi.org/10.3389/fnut.2019.00073
https://doi.org/10.3389/fnut.2019.00073
https://doi.org/10.3389/fnut.2019.00073
https://doi.org/10.3389/fnut.2020.00016
https://doi.org/10.3389/fnut.2023.1256226
https://doi.org/10.3389/fnut.2023.1221800
https://doi.org/10.3389/fnut.2023.1221800
https://doi.org/10.3389/fimmu.2023.1288537
https://doi.org/10.3389/fnut.2021.685247
https://doi.org/10.3389/fnut.2021.685247
https://doi.org/10.3389/fnut.2023.1221800
https://doi.org/10.3389/fnut.2023.1256226
https://doi.org/10.3389/fnut.2021.685247
https://doi.org/10.3389/fimmu.2023.1288537
https://doi.org/10.3389/fnut.2020.00016
https://doi.org/10.3389/fnut.2019.00073
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Akbari-Fakhrabadi et al.

Formal analysis, Investigation, Validation, Visualization, Writing —
original draft.

Funding

The author(s)
received for the research, authorship, and/or publication of

declare that no financial support was

this article.

Acknowledgments

The authors want to thank the Spanish Nutrition
Society “SEN.”
References

1. Fernandez-Lazaro D, Mielgo-Ayuso ], Seco Calvo J, Cérdova Martinez A,
Caballero Garcfa A, Fernandez-Lazaro CI. Modulation of exercise-induced muscle
damage, inflammation, and oxidative markers by curcumin supplementation in
a physically active population: a systematic review. Nutrients. (2020) 12:501.
doi: 10.3390/nu12020501

2. Moldoveanu Al, Shephard RJ, Shek PN. The cytokine response to physical activity
and training. Sports Med. (2001) 31:115-44. doi: 10.2165/00007256-200131020-00004

3. Mielgo-Ayuso J, Fernandez-Lézaro D. Nutrition and muscle recovery. Nutrients.
(2021) 13:294. doi: 10.3390/nu13020294

4. Mitra S, Paul S, Roy S, Sutradhar H, Bin Emran T, Nainu E et al
Exploring the immune-boosting functions of vitamins and minerals as nutritional
food bioactive compounds: a comprehensive review. Molecules. (2022) 27:555.
doi: 10.3390/molecules27020555

5. Fernandez-Lazaro D, Sanchez-Serrano N, Rabail R, Aadil RM, Mielgo-Ayuso J,
Radesca Fabiano K, et al. Is probiotics supplementation an appropriate strategy to
modulate inflammation in physically active healthy adults or athletes? A systematic
review. Appl Sci. (2023) 13:3448. doi: 10.3390/app13063448

6. Martin-Rodriguez A, Belinch6n-deMiguel P, Rubio-Zarapuz A, Tornero-Aguilera
JE, Martinez-Guardado I, Villanueva-Tobaldo CV, et al. Advances in understanding
the interplay between dietary practices, body composition, and sports performance in
athletes. Nutrients. (2024) 16:571. doi: 10.3390/nu16040571

Frontiersin Nutrition

03

10.3389/fnut.2024.1438832

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

7. Gémez-Llorente C, Munoz S, Gil A. Role of Toll-like receptors in the development
of immunotolerance mediated by probiotics. Proc Nutr Soc. (2010) 69:381-9.
doi: 10.1017/50029665110001527

8. Oteiza PI, Fraga CG, Galleano M. Linking biomarkers of oxidative stress and
disease with flavonoid consumption: From experimental models to humans. Redox
Biol. (2021) 42:101914. doi: 10.1016/j.redox.2021.101914

9. Horvat A, Vlagi¢ 1, Stefulj J, Ordoli¢ N, Jazvini¢ak Jembrek M. Flavonols
as a potential pharmacological intervention for alleviating cognitive decline in
diabetes: evidence from preclinical studies. Life. (2023) 13:2291. doi: 10.3390/life13
122291

10. Busquets S, Figueras M, Almendro V, Lépez-Soriano FJ, Argilés JM. Interleukin-
15 increases glucose uptake in skeletal muscle An antidiabetogenic effect of the
cytokine. Biochim Biophys Acta. (2006) 1760:1613-7. doi: 10.1016/j.bbagen.2006.
09.001

11. Cai M, Huang X, Huang X, Ju D, Zhu YZ, Ye L. Research progress of
interleukin-15 in cancer immunotherapy. Front Pharmacol. (2023) 14:1184703.
doi: 10.3389/fphar.2023.1184703

12. Fernandez-Lazaro CI, Toledo E, Buil-Cosiales P, Salas-Salvadé ], Corella D, Fitod
M, et al. Factors associated with successful dietary changes in an energy-reduced
Mediterranean diet intervention: a longitudinal analysis in the PREDIMED-Plus trial.
Eur J Nutr. (2022) 1:1-9.

frontiersin.org


https://doi.org/10.3389/fnut.2024.1438832
https://doi.org/10.3390/nu12020501
https://doi.org/10.2165/00007256-200131020-00004
https://doi.org/10.3390/nu13020294
https://doi.org/10.3390/molecules27020555
https://doi.org/10.3390/app13063448
https://doi.org/10.3390/nu16040571
https://doi.org/10.1017/S0029665110001527
https://doi.org/10.1016/j.redox.2021.101914
https://doi.org/10.3390/life13122291
https://doi.org/10.1016/j.bbagen.2006.09.001
https://doi.org/10.3389/fphar.2023.1184703
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

	Editorial: Diet and exercise-induced inflammation
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


