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Daily food intake is crucial to maintain health and determine endogenous fuel to practice endurance exercise. We investigated the
association between quantity of macronutrient and micronutrient daily intake and inflammation induced by long-distance exercise.
Methods. Forty-four Brazilian male amateurs’ marathon finishers from 30 to 55 years old participated in this study. Blood samples
were collected 1 day before, immediately after, and 1 day and 3 days after Sdo Paulo International Marathon. The serum levels of IL-
6, IL-18, IL-10, IL-8, IL-12p70, and TNF-a were measured to evaluate inflammation. Dietary intake was determined using a
prospective method of three food records in the week before marathon race. Results. Marathon race promoted an elevation on
IL-6, IL-8, IL-1-B, and IL-10 immediately after the race. The energy intake (EI), carbohydrate, fiber, folic acid, vitamin E,
vitamin D, calcium, magnesium, and potassium intakes was below recommended. Immediately after the marathon race, we
observed a negative correlation between IL-8 and daily EI, carbohydrate, fiber, fat, iron, calcium, potassium, and sodium intakes,
and higher levels of IL-8 on runners with <3g/kg/day of carbohydrate intake compared to runners with >5g/kg/day. We
demonstrated a positive correlation between daily carbohydrate intake and IL-10 and a negative correlation between TNF-« and
% of energy intake recommended, carbohydrate and fiber intakes. Finally, runners with adequate EI had lower levels of IL-1p
and TNF-« compared with low EI immediately after the race. Conclusion. Nutrition strategies to promote balanced diet in
amateur runners seem to be as important as immunonutrition sports market. Daily food intake, mainly EI, electrolyte and
carbohydrate intakes, may modulate exacerbated inflammation after endurance exercise.

1. Introduction

Prolonged exercise is a physiological stress which promotes
hyperinflammation following anti-inflammatory compensa-
tory response characterized by the increase on inflammatory
mediators such as IL-6, IL-8, IL-ra, IL-10, and C-reactive
protein (CRP) [1-5]. The exacerbated inflammation contrib-
utes to transient immunosuppression, as well as hematologi-
cal and cardiopulmonary changes, and muscle and renal
damage induced by exercise [6, 7].

Nutrients are necessary to provide energy and optimize
performance and recovery, maintaining immune health [8-

10]. The majority of studies in sports nutrition field have
been investigating the impact of nutritional supplements
to improve performance, body composition, and immune
function. Nowadays, the immunonutrients recommended
to improve immune health include high carbohydrate, fruit
and vegetable rich in polyphenol intake. The proposed bene-
fits of nutritional components such as probiotics, prebi-
otics, fish oil, bovine colostrum, vitamins, and minerals to
exercise-immune function remain unclear and need further
investigation [8, 9].

However, there are few human in vivo studies evaluating
the quality or quantity of food intake on immune function in
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physiologically stressed athletes. Chronic low energy avail-
ability has been demonstrated to be one of the main factors
related to endocrine, metabolic, and immune dysfunction
[11, 12]. Recently, studies have been reporting an inade-
quate daily intake characterized by a low intake of carbohy-
drate, dietary fiber sources, fruits, dairy beverages, and
vegetables in long-distance runners [13-17]. Nutritional
strategies that provide energy demands and sufficient spe-
cific macro- and micronutrients to support the immune
function could avoid consumption of “immune boosting”
supplements. Endurance athletes usually make many nutri-
tional mistakes, not based on metabolic scientific evidence,
mainly regarding which type of athlete would benefit, or
the dose and timing [18].

Daily food intake is crucial to determine endogenous
fuel to practice endurance exercise and consequently to
maintain immune health. The aim of the present study was
to investigate the association between quantity of macro-
nutrient and micronutrient daily intake and inflammation
induced by long-distance exercise. We hypnotized that
inadequate energy and some nutrient daily intake, such
as carbohydrate, could impair hyperinflammatory state after
endurance exercise.

2. Materials and Methods

2.1. Subjects. Forty-four Brazilian male amateurs’ marathon
finishers from 30 to 55 years old participated in this study.
Volunteers were recruited by e-mail provided by Sao Paulo
International Marathon Organization (9th April, 2017). The
exclusion criteria included the use of medication to cardiac,
metabolic, pulmonary, or kidney injury and the use of alco-
hol or any kind of drugs and pathologies including systemic
arterial hypertension, liver, kidney, metabolic, inflammatory,
or neoplastic diseases. After screening history and clinical
medical evaluation, subjects were informed of the experi-
mental procedures and possible risks and signed a term of
informed consent, which was approved by the Ethics Com-
mittee of Dante Pazzanese Institute of Cardiology, Brazil
(permit number: 979/2010), in accordance with the Declara-
tion of Helsinki. Measurements of total body mass (kg),
height (m), and Body Mass Index (BMI, kg/mz) were con-
ducted 1 day before marathon race according to the Interna-
tional Society for the Advancement of Kinanthropometry
and expressed as the mean + SEM. Blood samples (30 mL)
were collected in vacuum tubes containing an anticoagulant
(0.004% EDTA) 1 day before, immediately after, and 1 day
and 3 days after Sdo Paulo International Marathon. Serum
samples were isolated by centrifugation (400g, 10 minutes)
and stored at -80°C for later cytokine analysis at Cruzeiro
do Sul University.

2.2. Marathon Race. The marathon race began at 07:30 a.m.,
and fluid ingestion was allowed ad libitum during the race.
Water was provided every 2 to 3km on the running course;
sports drinks on 12km, 21.7km, 33km, and 42km; and
potato on 28.8 km. The runners were instructed to consume
between 30 and 60g of carbohydrate per hour and 500 to
1000 mL of water. The weather parameters at Sdo Paulo
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International Marathon in 2017 between 7a.m. and 2 p.m.
were average temperature of 19.8°C, maximum temperature
of 22.6°C, and minimum temperature of 16.7°C, with aver-
age relative humidity of 72.8%, maximum relative humidity
of 86%, and minimum relative humidity of 61% (National
Institute of Meteorology, Ministry of Agriculture, Livestock,
and Supply).

2.3. Biochemical Parameters. The serum levels of IL-6, IL-1p,
IL-10, IL-8, IL-12p70, and TNF-a were determined using
the BD™ Human Inflammatory Cytokine Cytometric Bead
Array Kit and BD Accuri cytometer according to the manu-
facturer’s instructions (BD Biosciences, San Jose, CA, USA).
The detection limit was 3.6 pg/mL for IL-8, 7.2 pg/mL for
IL-1f, 2.6 pg/mL for IL-6, 3.3 pg/mL for IL-10, 3.7 pg/mL
for TNF-a, and 1.9 pg/mL for IL-12p70.

2.4. Dietary Intake. Dietary intake was determined using a
prospective method of three food records in the week before
the marathon race (3" to 8™ April). The runners were
oriented to describe all food and drinks that are consumed,
meal time, portion size, and food brand, when applicable,
two days of week and one day of weekend. The food records
were revised by a trained nutrition undergraduate student
to check or complete the record one day after the mara-
thon. Dietary intake was analyzed by professional dietbox
(http:/dietbox.me) website/app to determine energy intake,
macronutrients and micronutrients. The professional dietbox
website/app provides nutrients composition from the United
States Department of Agriculture-Agricultural Research
Service (USDA) food composition database and Brazilian
Table of Food Composition database (TACO, University
of Campinas, Sdo Paulo, SP, Brazil).

2.5. Statistical Analyses. Statistical analyses were performed
using the Statistical Package for the Social Sciences (Graph
Prism version 6). The normality of the data distribution
was determined by the Kolmogorov-Smirnov test and
rejects the normality. Differences between the steps (before,
immediately after, 1 day after, and 3 days after the race)
were tested for significance with the Friedman test with
repeated measures and the Miiller-Dunn post test. The non-
parametric Spearman correlation was determined between
absolute value of cytokines (before, immediately after race,
or one day after race) and absolute value of macronutrients
and micronutrients. Statistical significance was assumed at
p value < 0.05. The values are presented as mean + error
mean standard of 44 runners.

3. Results

The general and training characteristics of all marathon run-
ners are summarized as follows: age, 41.5 + 1.1 years; weight,
74.4+1.6kg height, 1.73+0.0m; BMI, 24.8 +0.4kg/m>;
percentage of fat mass, 21.6+0.7%; race time, 267 +7
minutes; training experience, 6 + 0.5 years; time on 10km
race, 46 + 0.7 minutes; frequency of training, 4.4 £ 0.7 time-
s/week; and training volume, 56 + 2.1 km/week.
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FigURre 1: Effect of marathon on cytokines. The inflammatory mediators evaluated were interleukin- (IL-) 6, IL-8, IL-1f3, and IL-10 before,
immediately after, 1 and 3 days after the race. The values are shown as mean + SEM of 44 runners. *p < 0.01 vs. before race. **p < 0.0001

vs. before race.

3.1. Cytokines. Marathon race promoted an elevation on
IL-6 (by 40%) (Figure 1(a)), IL-8 (by 40%) (Figure 1(b)),
IL-1-B (by 3.5-fold) (Figure 1(c)), and IL-10 (by 4.1-fold)
(Figure 1(d)) serum levels, returning to basal levels one
day after the race (Figure 1). We did not observe changes
on TNF-a and IL-12p70 after the race (data not shown).

3.2. Dietary Intake: Macronutrients. The distribution of
energy from carbohydrate was lower (48.9 + 9%) compared
to 50 to 60% recommended. The EI and carbohydrate con-
sumption were as 33% and 52% lower than that recom-
mended by the Dietary Reference Intake (2002) and ISSN
(2010), respectively (Table 1). The EI was 39.3 +2.1kcal -
kg™! FFM-day ' classified as a low energy intake (<45 kcal-
kg' FFM-day™"). The cholesterol intake (305.4 + 160 mg/day),
percentage of total fat and protein (19.4%) and sucrose, was
close to recommended, and fiber intake (21 + 2 g/day) con-
sumption was below recommended (DRI, 2002) (Table 1).

3.3. Dietary Intake: Micronutrients. The folic acid, vitamin E,
and vitamin D intakes were below of DRI recommendation
(by 31%, 7%, and 43%, respectively) (Table 2). On the other
hand, vitamins A, B1, B2, B3, B6, B12, and C intakes were
above reference daily values (by 18%, 38%, 34%, 82%, 81%,
79%, and 61%, respectively) (Table 2).

TaBLE 1: Daily energy intake, macronutrient, cholesterol, and fiber
intake.

Daily intake Dv~*
Energy intake (kcal) 2258 + 125 2908 + 40
Carbohydrate (g/kg) 39+0.3 *8-12
Protein (g/kg) 1.6 +0.1 *1.2-1.7
Total fat (% of EI) 301 <30%
SFA (g) 24.6+7 _
MUFA (g) 26.7+4 _
PUFA (g) 16 + 4 _
Sucrose (% of EI) 7+1 <10%
Cholesterol (mg) 305.4 + 160 <300

21+2 >25

Fiber (g)

*Reference daily values (DV) based on Dietary Reference Intake (DRI) or
American Dietetic Association, Dietitians of Canada, and the American
College of Sports Medicine (ADA/ACSM). SFA: saturated fatty acids,
MUFA: monounsaturated fatty acids, PUFA: polyunsaturated fatty acids.
The values are presented of mean + error mean standard of 44 runners.

The daily consumption of iron, phosphorus, manga-
nese, selenium, zinc, or sodium was close or above refer-
ence daily values (by 94%, 88%, 10%, 3-fold, 11%, and 73%,
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TABLE 2: Micronutrient daily intake in marathon runners.
Vitamins Daily intake DV* Minerals Daily intake DV*
Vitamin A (mcg) 1061 + 162 900 Calcium (mg) 656 +53 1000
Vitamin B1 (mg) 1.71+0.1 1.2 Iron (mg) 155+1.4 8
Vitamin B2 (mg) 1.75+0.15 1.3 Mn (mg) 2.53+0.24 2.3
Vitamin B3 (mg) 29+3 16 Se (mcg) 169 +21 55
Vitamin B6 (mg) 2.4+0.3 1.7 Zinc (mg) 12.2+£0.9 11
Folic acid (mg) 275+32 400 Mg (mg) 280 +20 420
Vitamin B12 (mcg) 43+0.38 2.4 P (mg) 1319+79 700
Vitamin C (mg) 144 + 37 90 Potassium (g) 27+1.6 4.7
Vitamin D (mcg) 3.00+0.53 15 Sodium (g) 26+1.6 1.5
Vitamin E (mg) 14+1.5 15

*Reference daily values (DV) based on Dietary Reference Intake (DRI) or American Dietetic Association, Dietitians of Canada, and the American College of
Sports Medicine (ADA/ACSM). Mn: manganese, Se: selenium, Mg: magnesium, P: phosphorus. The values are presented as mean * error mean standard of

44 runners.

TaBLE 3: Correlation of daily intake with interleukin-6 (IL-6) before the race and interleukin-8 (IL-8) after the race in marathon runners.

Daily intake p value r Daily intake p value r
Correlation of IL-6
EI (kcal) 0.010 -0.39 Vitamin B2 (mg) 0.047 -0.30
Carbohydrate (g) 0.056 -0.29 Calcium (mg) 0.032 -0.32
Protein (g) 0.009 -0.39 Phosphorus (mg) 0.013 -0.37
Fat (g) 0.003 -0.43 Zinc (mg) 0.029 -0.33
Vitamin A (mg) 0.016 -0.36 Potassium (g) 0.032 -0.32
Correlation of IL-8
EI (kcal) 0.013 -0.37 Iron (mg) 0.042 -0.31
Carbohydrate (g) 0.002 -0.45 Calcium (mg) 0.008 -0.39
Fiber (g) 0.001 -0.51 Potassium (g) 0.024 -0.34
Fat (g) 0.038 -0.31 Sodium (mg) 0.008 -0.39
EI: daily energy intake. The values are presented as p value and correlation coefficient (r) of 44 runners.
respectively), while calcium, magnesium, and potassium 87
were below recommended (by 35%, 33%, and 40%, respec-
tively) (Table 2). 6- —|_
—
3.4. Correlation: Cytokines and Daily Intake. Before the race, gﬁ .
IL-6 correlated positively with daily energy intake, macronu- & 47 —
trients (carbohydrate, protein, and fat) and vitamin A, B2, S
calcium, phosphorus, zinc, and potassium (Table 3). T,
Immediately after the marathon race, we observed a neg-
ative correlation between IL-8 and daily energy intake, carbo-
hydrate, fiber, fat, iron, calcium, potassium, and sodium, 0- T T
suggesting that lower intakes are associated with higher IL- ,§‘ ,§ _5‘ ,5‘
8 levels (Table 3). We also demonstrated higher levels of E; E; E; E;
IL-8 on runners with <3 g/kg/day of carbohydrate intake B3 Es B B
compared to runners with >5g/kg/day (Figure 2). v i i R

One day after the race, we also demonstrated a positive
correlation between daily carbohydrate intake and IL-10
(r=0.3, p=0.045), an anti-inflammatory cytokine. More-
over, the proinflammatory cytokine alpha-TNF immedi-
ately after the race had a negative correlation with % of
energy intake recommended (r=0.31, p=0.04), carbohy-
drate (r =-0.33, p =0.03), and fiber (r =-0.38, p=0.01).

FiGUre 2: Interleukin- (IL-) 8 concentration of runners with
different levels of carbohydrate intake. The runners were divided
in 4 groups in accordance with carbohydrate intake: <3 g/kg/day
(17 runners), 3-4 g/kg/day (11 runners), 4-5g/kg/day (8 runners),
and >5g/kg/day (12 runners). The values are shown as mean +
SEM of 8-17 runners. “p < 0.01 vs. <3 g/kg/day.
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Amateur runners with adequate EI (>45kcalkg’
FFM-day™) had lower levels of IL-1j3 compared to low EI
(30-45kcalkg" FFM-day') and relative energy deficiency
(<30kcal'kg ' FFM-day') immediately after the race and
also lower levels of TNF-a compared to runners with low
EI (30-45kcalkg’ FFM-day') immediately after the race
(Figures 3(a) and 3(b)). IL-8 and IL-6 levels also tended to
be reduced, and IL-10 tended to be greater in runners with
adequate EI immediately after the race (Figures 3(c)-3(e)).

4. Discussion

The inflammatory process induced by exercise may be influ-
enced by many factors including food adequate intake [8].
The daily intake of energy, carbohydrate, fiber, vitamins B3,
B6, and D, calcium, magnesium, and potassium, was below
the daily reference value in amateur’s marathon runners in
the precompetition period. We suggest that proinflammatory
cytokines IL-8 or TNF-alpha release induced by exercise are
associated with low energy, carbohydrate, fiber, and/or min-
eral daily intake. Moreover, higher daily consumption of car-
bohydrate may improve IL-10 levels in the recovery period of
long-distance exercise.

Long-distance runners require higher amount of energy
and macronutrients (protein and carbohydrate) and micro-
nutrients (minerals such as iron, magnesium, sodium, and
potassium) to support energy expenditure and hydroelectro-
lytes loss during exercise and to lead the recovery of lean
mass, electrolytes, and glycogen store [18, 19]. In this study,
we observed a low daily intake of energy, carbohydrate, fiber,
vitamins B3, B6, and D, calcium, magnesium, and potassium,
in marathon runners. We reported lower EI by 33% and car-
bohydrate intake by 52%, in accordance with previous stud-
ies which reported low energy availability in male athletes
[20]. Pugh et al. [17] reported a similar daily energy intake
value and daily carbohydrate and protein intake value one
day before the race in recreational runners. In spite of dietary
intake was assessed by a standard method, food record,
with an appropriate database, researchers have reported an
underestimate intake in athletes by around 20% for many
reasons such as irregular meal patterns and underestimate
portion sizes [19]. We suggested that even with the possible
interference of method, nutrient deficiency was clear and
the runners should be advised to improve the diet, mainly
in a precompetition period.

Relative Energy Deficiency in Sport (RED-S) proposed by
Mountjoy et al. [12] refers to the 10 physiological and 10
performance-related effects of low EI for male and female
athletes [12, 21]. RED-S modulate endocrine physiological
response induced by exercise that may affect cortisol levels
in response to prolonged exercise but also to starvation
and glycogen depletion. RED (<30kcalkg' FFM-day)
accomplished by carbohydrate deficiency also decrease pro-
tein synthesis, glucose utilization, mobilization of fat stores,
metabolic rate, and production of growth hormone. Cortisol
and other hormones such as insulin, IGF-1, modulated by
RED-S also could contribute to immune dysfunction [11,
22,23]. In fact, we observed higher levels of proinflammatory
cytokines in runners with relative energy deficiency.

Immune cells need energy fuel substrates, mainly carbo-
hydrate and fat, and micronutrients (zinc, iron, copper, sele-
nium, magnesium, and vitamins A, B6, C, D, and E) to
multiple protective enzyme systems involved on immune
function [9]. In the 1990s, many researchers demonstrated
that ingestion of carbohydrate supplements (30-60 g/h) dur-
ing endurance/intense exercise attenuated increases in blood
neutrophil and monocyte counts, stress hormones, IL-6, IL-
10, and IL-1ra and improve immune function. It is also a
consensus that utilization of carbohydrate during endurance
exercises improve performance and endogenous glycogen
stores [18, 24]. Endogenous glycogen stores and circulating
plasma glucose are fuel sources for energy provision during
endurance exercise, and fatigue coincides with depletion of
glycogen store. Carbohydrate intake during exercise seems
to suppress endogenous carbohydrate oxidation by around
10% [24]. However, the amount of muscle glycogen oxida-
tion during prolonged exercise is high, around 100g per
hour. The important factor that influences the endogenous
glycogen store may be the daily carbohydrate intake, but
studies evaluating the role of daily carbohydrate intake levels
on immune function in athletes are scarce. In our study, we
observed the association between inflammation after the race
(IL-8 and TNF-alpha levels) and daily energy, carbohydrate,
and fat intakes, and we suggest that lower fuel substrate
intake may contribute to fatigue and stress hormone release
causing pronounced inflammation. Moreover, the anti-
inflammatory cytokine IL-10 was positively associated with
carbohydrate intake contributing to understanding of anti-
inflammatory effect of carbohydrate after endurance or
intense exercise.

The fiber intake also was correlated negatively with
inflammation after the race. The main sources of fiber are
fruit and vegetable food or juice rich in carbohydrates
that seems to be anti-inflammatory and polyphenols which
elevate plasma levels of gut-derived phenolics promoting
antioxidative and anti-inflammatory capacity [25]. How-
ever, the polyphenol intake was not evaluated and the opti-
mal polyphenol intake for athletes has not been defined,
and intake recommendations have not been established for
humans [9].

Iron balance is essential for health and performance in
athletes [26, 27]. Iron deficiency with or without anemia
reduces the transport of oxygen and aerobic energy system
in the skeletal muscle [28]. In addition, iron regulates
many redox reactions crucial for intermediary metabolism
[29]. Impaired iron levels by low consumption of iron and
inflammation are the major stimulus to hepcidin release
from hepatic tissue, and acute-phase protein, which is
responsible to inhibit ferroportin expressed in the duode-
nal enterocyte, hepatocyte, and macrophage intestinal
decreasing iron absorption and macrophage iron release
from senescent erythrocytes increasing the risk to anemia
in athletes [28, 30, 31].

The association between calcium, potassium, and
sodium with IL-8 also suggests the importance of daily elec-
trolytic reposition in athletes. During exercise, dehydration
occurs due to heat stress and heat load from the thermal
energy yield of metabolism. Heat stress induces sweating
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FIGURE 3: Cytokine release of runners with different levels of energy intake (EI). TNF-« (a), IL-1f (b), IL-6 (c), IL-8 (d), and IL-10 (e) plasma
concentrations of runners within different levels of energy intake were evaluated. The runners were divided in 3 groups in accordance with
energy intake: relative energy deficiency, <30 kcalkg' FEM-day' (14 runners); low EI, 30-45 kcal.kg™ FEM-day' (14 runners); and adequate
EI, >45kcalkg ' FEM-day ™ (16 runners). The values are shown as of mean = SEM of 8-17 runners. *p < 0.05 vs. <45 kcal'kg' FFM-day ' and
**p < 0.0001 vs. <45kcalkg "' FEM-day .

and subcutaneous vasodilation promoting hypohydration  intense exercise. The hyponatremia also seems a result of
hyperosmotic with loss of electrolytes such as potassium,  overconsumption of hypotonic fluids and fluid retention,
sodium, and calcium [32, 33]. The dehydration during bouts ~ when the athletes release inappropriately arginine vasopres-
of training is harmful for physiological adaptation at the  sin [34]. The role of hypohydration on inflammation may



Mediators of Inflammation

involve neuroendocrine response, oxidative stress, and mus-
cle metabolism changes but remains unclear [32, 33]. The
impairment on the osmolality promotes an increase on
ROS and intracellular calcium that activate protease on mus-
cle cells leading systemic inflammation [34].

The IL-6 is an adipomyokine that is released by the mus-
cle after an acute bout of exercise and by adipose tissue or
with increased body fat content, with paradoxical autocrine,
paracrine, and endocrine effects [11, 35]. Before the race,
IL-6 presented a positive correlation with daily energy intake,
macronutrients (carbohydrate, protein, and fat) and vitamin
A, B2, calcium, phosphorus, zinc, and potassium. Some
researchers have been investigating the role of diet interven-
tion on inflammatory markers in overweight and obese peo-
ple but not in athletes. The restriction of energy seems to
reduce inflammatory mediators in overweight/obese patients
[36]. We suggested that the low energy and nutrient intake
on athletes may be associated with low levels of IL-6 at rest.
Unexpectedly, we did not observe a correlation on nutrient
intake and IL-6 after marathon. Recently, Badenhorst [37]
also suggested an ineffective role of higher carbohydrate
ingestion on IL-6 levels seven days after exercise [37]. The
consumption during endurance exercise (exogenous carbo-
hydrate) seems to be effective to modulate IL-6 levels [9]
but not daily intake. The role of other macro- and micronu-
trient intake on IL-6 levels should be investigated in athletes.

5. Conclusions

Nutritional strategies to promote adequate and health diet for
amateur runners may avoid relative energy deficiency, dehy-
dration, overtraining, and immune dysfunction and should
be assessed and suitable before choosing immunomodulatory
supplements. In this study, we confirm the importance of ade-
quate food intake in amateur athletes and we highlight the
importance of daily energy intake (>45kcalkg”' FFM-day™),
carbohydrate (8-12g/kg), fiber (>25g), calcium (1000 mg),
and electrolytes (1.7 to 2.9 g of salt during a prolonged exercise
bout), to inflammatory process induced by endurance exercise
in the precompetition period.

Data Availability

The data used to support the findings of this study are
included within the article.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

Acknowledgments

This work was supported by Fundagdo de Amparo a Pes-
quisa do Estado de Sdo Paulo (FAPESP) (Grant Number
2014/21501-0).

References

[1] D. C. Nieman, D. A. Henson, L. L. Smith et al., “Cytokine
changes after a marathon race,” Journal of Applied Physiology,
vol. 91, no. 1, pp. 109-114, 2001.

[2] K. Suzuki, S. Nakaji, S. Kurakake et al., “Exhaustive exercise
and type-1/type-2 cytokine balance with special focus on
interleukin-12 p40/p70,” Exercise Immunology Review, vol. 9,
pp. 48-57, 2003.

[3] K. Suzuki, S. Nakaji, M. Yamada et al., “Impact of a competi-
tive marathon race on systemic cytokine and neutrophil
responses,” Medicine and Science in Sports and Exercise,
vol. 35, no. 2, pp. 348-355, 2003.

[4] H. G. Nielsen, O. Oktedalen, P. K. Opstad, and T. Lyberg,
“Plasma cytokine profiles in long-term strenuous exercise,”
Journal of Sports Medicine, vol. 2016, Article ID 7186137,
7 pages, 2016.

[5] M. Schild, G. Eichner, T. Beiter et al., “Effects of acute endur-
ance exercise on plasma protein profiles of endurance-
trained and untrained individuals over time,” Mediators of
Inflammation, vol. 2016, Article ID 4851935, 11 pages, 2016.

[6] R. A. Oliveira, A. P. R. Sierra, M. Benetti et al., “Impact of
hot environment on fluid and electrolyte imbalance, renal
damage, hemolysis, and immune activation postmarathon,”
Oxidative Medicine and Cellular Longevity, vol. 2017, Article
ID 9824192, 11 pages, 2017.

[7] A. P. Sierra, M. C. Oliveira-Junior, F. M. Almeida et al,,
“Impairment on cardiopulmonary function after marathon:
role of exhaled nitric oxide,” Oxidative Medicine and Cellular
Longevity, vol. 2019, Article ID 5134360, 6 pages, 2019.

[8] S. Bermon, L. M. Castell, P. C. Calder et al., “Consensus state-
ment immunonutrition and exercise,” Exercise Immunology
Review, vol. 23, pp. 8-50, 2017.

[9] D.Nieman and S. Mitmesser, “Potential impact of nutrition on
immune system recovery from heavy exertion: a metabolomics
perspective,” Nutrients, vol. 9, no. 5, p. 513, 2017.

[10] P. J. Arciero, V. J. Miller, and E. Ward, “Performance
enhancing diets and the PRISE protocol to optimize athletic
performance,” Journal of Nutrition and Metabolism, vol. 2015,
Article ID 715859, 39 pages, 2015.

K. J. Elliott-Sale, A. S. Tenforde, A. L. Parziale, B. Holtzman,
and K. E. Ackerman, “Endocrine effects of relative energy defi-
ciency in sport,” International Journal of Sport Nutrition and
Exercise Metabolism, vol. 28, no. 4, pp. 335-349, 2018.

[12] M. Mountjoy, J. Sundgot-Borgen, L. Burke et al., “The IOC
consensus statement: beyond the female athlete triad-relative
energy deficiency in sport (RED-S),” British Journal of Sports
Medicine, vol. 48, no. 7, pp. 491-497, 2014.

[13] M. Bronkowska, A. Kosendiak, and D. Orzel, “Assessment of
the frequency of intake of selected sources of dietary fibre
among persons competing in marathons,” Roczniki Paristwo-
wego Zaktadu Higieny, vol. 69, no. 4, pp. 347-351, 2018.

[14] D. Glabska and M. Jusinska, “Analysis of the choice of food
products and the energy value of diets of female middle- and
long-distance runners depending on the self-assessment of
their nutritional habits,” Roczniki Paristwowego Zaktadu
Higieny, vol. 69, no. 2, pp. 155-163, 2018.

[15] D. Orzel, A. Kosendiak, and M. Bronkowska, “Comparison of
vegetables and fruit consumption frequency by athletes before

and after marathon,” Roczniki Paristwowego Zakladu Higieny,
vol. 69, no. 3, pp. 267-272, 2018.

(11



[16]

(20]

I. A. Heikura, T. Stellingwerff, A. A. Mero, A. L. T. Uusitalo,
and L. M. Burke, “A mismatch between athlete practice and
current sports nutrition guidelines among elite female and
male middle- and long-distance athletes,” International Jour-
nal of Sport Nutrition and Exercise Metabolism, vol. 27, no. 4,
pp. 351-360, 2017.

J. N. Pugh, B. Kirk, R. Fearn, J. P. Morton, and G. L. Close,
“Prevalence, severity and potential nutritional causes of gas-
trointestinal symptoms during a marathon in recreational
runners,” Nutrients, vol. 10, no. 7, p. 811, 2018.

G. A. Casazza, A. P. Tovar, C. E. Richardson, A. N. Cortez, and
B. A. Davis, “Energy availability, macronutrient intake, and
nutritional supplementation for improving exercise perfor-
mance in endurance athletes,” Current Sports Medicine
Reports, vol. 17, no. 6, pp- 215-223, 2018.

L. Capling, K. Beck, J. Gifford, G. Slater, V. Flood, and
H. O’Connor, “Validity of dietary assessment in athletes: a sys-
tematic review,” Nutrients, vol. 9, no. 12, p. 1313, 2017.

L. M. Burke, G. L. Close, B. Lundy, M. Mooses, J. P. Morton,
and A. S. Tenforde, “Relative energy deficiency in sport in male
athletes: a commentary on its presentation among selected
groups of male athletes,” International Journal of Sport Nutri-
tion and Exercise Metabolism, vol. 28, no. 4, pp. 364-374, 2018.

D. Logue, S. M. Madigan, E. Delahunt, M. Heinen, S. J.
Mc Donnell, and C. A. Corish, “Low energy availability in
athletes: a review of prevalence, dietary patterns, physiological
health, and sports performance,” Sports Medicine, vol. 48,
no. 1, pp. 73-96, 2018.

J. M. Peake, O. Neubauer, N. P. Walsh, and R. J. Simpson,
“Recovery of the immune system after exercise,” Journal of
Applied Physiology, vol. 122, no. 5, pp. 1077-1087, 2017.

]J. M. Peake, O. Neubauer, P. A. Della Gatta, and K. Nosaka,
“Muscle damage and inflammation during recovery from exer-
cise,” Journal of Applied Physiology, vol. 122, no. 3, pp. 559-
570, 2017.

M. Newell, G. Wallis, A. Hunter, K. Tipton, and S. Galloway,
“Metabolic responses to carbohydrate ingestion during exer-
cise: associations between carbohydrate dose and endurance
performance,” Nutrients, vol. 10, no. 1, p. 37, 2018.

D. C. Nieman, N. D. Gillitt, A. M. Knab et al., “Influence of
a polyphenol-enriched protein powder on exercise-induced
inflammation and oxidative stress in athletes: a randomized
trial using a metabolomics approach,” PLoS One, vol. 8,
no. 8, article €72215, 2013.

C. R. Pedlar, C. Brugnara, G. Bruinvels, and R. Burden,
“Iron balance and iron supplementation for the female athlete:
a practical approach,” European Journal of Sport Science,
vol. 18, no. 2, pp. 295-305, 2018.

R.J. Burden and C. R. Pedlar, “Understanding iron deficiency
and exercise: looking beyond ferritin,” Acta Haematologica,
vol. 139, no. 3, pp. 183-184, 2018.

P. Peeling, B. Dawson, C. Goodman, G. Landers, and
D. Trinder, “Athletic induced iron deficiency: new insights into
the role of inflammation, cytokines and hormones,” European
Journal of Applied Physiology, vol. 103, no. 4, pp. 381-391, 2008.
T. Ganz and E. Nemeth, “Iron homeostasis in host defence and
inflammation,” Nature Reviews. Immunology, vol. 15, no. 8,
pp. 500-510, 2015.

L. Kautz and E. Nemeth, “Molecular liaisons between erythro-

poiesis and iron metabolism,” Blood, vol. 124, no. 4, pp. 479-
482, 2014.

(31]

(32]

(33]

Mediators of Inflammation

P. Ruchala and E. Nemeth, “The pathophysiology and phar-
macology of hepcidin,” Trends in Pharmacological Sciences,
vol. 35, no. 3, pp. 155-161, 2014.

A. Sureda, A. Mestre-Alfaro, M. Banquells et al., “Exercise in a
hot environment influences plasma anti-inflammatory and
antioxidant status in well-trained athletes,” Journal of Thermal
Biology, vol. 47, pp. 91-98, 2015.

A. P. Akerman, M. Tipton, C. T. Minson, and J. D. Cotter,
“Heat stress and dehydration in adapting for performance:
good, bad, both, or neither?,” Temperature, vol. 3, no. 3,
pp. 412-436, 2016.

T. Hew-Butler, V. Loi, A. Pani, and M. H. Rosner, “Exercise-
associated hyponatremia: 2017 update,” Frontiers in Medicine,
vol. 4, p. 21, 2017.

S. Raschke and J. Eckel, “Adipo-myokines: two sides of the
same coin—mediators of inflammation and mediators of exer-
cise,” Mediators of Inflammation, vol. 2013, Article ID 320724,
16 pages, 2013.

V. H. Telle-Hansen, J. J. Christensen, S. M. Ulven, and
K. B. Holven, “Does dietary fat affect inflammatory markers
in overweight and obese individuals?—a review of random-
ized controlled trials from 2010 to 2016,” Genes & Nutri-
tion, vol. 12, no. 1, p. 26, 2017.

C. E. Badenhorst, B. Dawson, G. R. Cox et al., “Seven days of
high carbohydrate ingestion does not attenuate post-exercise
IL-6 and hepcidin levels,” European Journal of Applied Physiol-
0gy, vol. 116, no. 9, pp. 1715-1724, 2016.



	Association of Daily Dietary Intake and Inflammation Induced by Marathon Race
	1. Introduction
	2. Materials and Methods
	2.1. Subjects
	2.2. Marathon Race
	2.3. Biochemical Parameters
	2.4. Dietary Intake
	2.5. Statistical Analyses

	3. Results
	3.1. Cytokines
	3.2. Dietary Intake: Macronutrients
	3.3. Dietary Intake: Micronutrients
	3.4. Correlation: Cytokines and Daily Intake

	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest
	Acknowledgments

