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ABSTRACT

International Journal of Exercise Science 17(7): 1167-1182, 2024. The objective of the study was to
monitor exercise-induced muscle damage (EIMD), inflammatory responses (IL-6, TNFa, and IL-10), and immune-
endocrine balance (testosterone, cortisol, and salivary SIgA) in official 20 km walking race competitions. Eight 20
km professional walking racers (1 = 6 women), 27 * 9 years, underwent blood and saliva sampling, evaluation of
delayed-onset muscle soreness (DOMS), and squat (SJ) and countermovement (CM]J) jump tests 2 h before (Pre),
immediately after (Post), and 24 and 48 h after the competition. The rate of perceived exertion (RPE) was recorded
20 minutes after the race ended. The race evoked high competitive load (948.3 + 268.0 a.u.), increased creatine kinase
levels at 24 h (p < 0.05), and DOMS at 48 h (p < 0.05), but no significant changes in S] and CM]J after the race. No
significant changes in cytokines were detected. No changes in salivary SIgA secretion rate and inflammatory
cytokines were detected (p > 0.05). The race induced increased testosterone (p < 0.05), and cortisol (p < 0.01) levels
immediately after the race. Despite the high competitive load, 20-km walking racer athletes presented mild EIMD
without impairment in immune-endocrine markers.

KEY WORDS: Physical endurance, muscle strength, endocrine disruptors, mucosal immunity
INTRODUCTION

Race walking is among the longest races in Olympic track and field competitions, requiring a
high level of fitness from athletes (13, 39). The Olympic distances are 20 and 50 km, taking
between 80 and 90 minutes to complete 20 km and from 3h 40 min to 4 h and 11 min for the 50
km race (19). Race walking has strict biomechanical rules; athletes must maintain continuous
contact with the ground during displacement and keep one knee extended from the initial
contact with the ground to the vertical position (13, 39). Competitive performance depends on
stride biomechanical parameters, especially stride length, and frequency, reactive contact force
and moment of force, and torque of upper and lower limb joints (18, 21, 39). The speed and
biomechanical efficiency of running (flight time, posture phase, swing phase, contact time, stride
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length, and frequency) are associated with running economy, demonstrating that both
biomechanical and physiological (muscle strength) parameters contribute to the performance of
walking racers athletes (18).

As a long-distance race, the walking race may lead to mechanical strain and metabolic
alterations that can cause damage to muscle tissues, inflammatory responses, and fatigue during
the race (7). Although walking races are performed at a slower speed than running races, large
muscle groups are also recruited and may suffer some degree of fatigue and muscle damage
during the competition. During the race, the hip extensor and plantar dorsiflexor muscles show
high activity during the initial contact and displacement phase, while the quadriceps muscle
maintains knee hyperextension, and the sural triceps are recruited in the final phase of the stride
(17, 20). The eccentric contraction of these large muscles allows the storage of elastic energy and
power generation using the knee as a lever (17, 20). However, eccentric contractions and long-
term exercises can promote damage to muscle fibers, causing sarcomere disorganization and
creatine kinase (CK) leakage, an important marker of muscle damage (7). In half-marathon and
marathon runners, biomechanics were quite different than walking races. However, these long-
distance races rely on concentric-eccentric contractions on the same muscular groups, displaying
signs of muscle damage (4, 23). In long-distance running events, exercise-induced muscle
damage (EIMD) is observed, with a serum increase in the CK enzyme and delayed-onset muscle
soreness (DOMS) detected at 24 hours. (10, 43). The lower limb's power is also reduced after
marathons and half marathon races (10, 43). Despite being an Olympic modality, it is unclear
how much metabolic stress and mechanical damage are produced during race walking
competitions. This is important for planning strategies for recovery and returning to a training
routine. Walking races are performed over distances close to half marathon and marathon
distances, in a longer time, which suggests that inflammatory symptoms and muscle damage
may also occur in this modality.

Long-distance runners recruit large muscle groups in long-term exercises promoting an increase
in the production of Interleukin-6 (IL-6), a cytokine that may have an anti-inflammatory function
and that is necessary for glucose mobilization during exercise (5). However, the increase in IL-6
associated with the inflammatory cytokine Tumor Necrosis Factor-alpha (TNFa) is correlated
with inflammatory responses observed in long-distance runs and marathons (5, 10). A study on
elite athletes showed a moderate increase (5 to 10 times) in IL-6 levels after a simulated run in
female (19 km) and male (25 km) athletes (31). However, the authors manipulated a ketogenic
diet to assess the increase in IL-6. Bernecker and colleagues (5) suggest that the release of these
cytokines is associated with the duration of endurance tests. However, it has not yet been
established whether these inflammatory reactions occur in walking racers and their association
with race performance. This is of concern since the inflammatory process has catabolic effects
and may impair muscle performance.

Endurance exercises also cause modulation of the hormones testosterone and cortisol,
promoting a significant reduction in testosterone for up to 72 h and an increase in cortisol levels
during effort (1). Cortisol production can suppress the response of testosterone, an important
anabolic hormone, essential for post-exercise recovery(9). Furthermore, in individual modalities
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and runners the cortisol and testosterone levels before, during, and after the competition are
associated with the athlete's performance and motivation (9). However, it is not clear whether
walking racer athletes demonstrate changes in the testosterone: cortisol ratio in competitive
events.

Prolonged high-intensity exercise, or training periods with high loads, can also promote
impairment in mucosal secretory immunity, reducing salivary concentrations of secretory
immunoglobulin A (SIgA) and increasing the risk of developing upper airway infections in
athletes (40, 45). Long-distance running events promote a transitory reduction in SIgA and
increase the risk of upper respiratory tract infection (URTI) (35, 37). However, the effects of
walking race on mucosal immunity are not known.

Identifying the magnitude of muscle damage, inflammatory reactions, and immuno-endocrine
imbalance in walking races can help to prescribe tapering and recovery methods that favor
improvements in race performance and recovery of athletes, in addition to preventing the
development of illness and injuries. Thus, the present study aimed to monitor EIMD,
inflammatory responses, and immuno-endocrine alterations in official walking race
competitions and to correlate the results with the internal competitive load and performance in
a 20 km race. The study hypothesis was that a 20 km walking race promotes EIMD, associated
with inflammatory reactions and immuno-endocrine changes, as observed in other endurance
modalities.

METHODS

Participants

Eight high-performance athletes in the 20 km walking race, of both sexes (n = 6 women), 27 + 9
years, 57 + 08 kg, 170 + 0.08 cm were evaluated. The athletes participated in the research
voluntarily, being invited by telephone contact before the race. The athletes signed an informed
consent form before the procedures. The study procedures were approved by the Ethics
Committee Involving Human Beings of the Centro Universitario Integrado (4.280.972). This
research was carried out fully under the ethical standards of the International Journal of Exercise
Science (34).

Only athletes from the 20 km race, classified among the top 12 in the national ranking of the
adult category, and who participated in official competitions of the CBAT were included in the
study. Athletes who showed signs and symptoms of muscle-joint injuries that could
compromise the physical tests or performance in the race and the presence of upper airway
infections on the day of the race were excluded from the analysis. Athletes who used anti-
inflammatory medications and nutritional ergogenic resources or recovery resources after the
race were also excluded. The athletes rested during the observation period, after the
competitions, were housed at the same accommodation, and followed the nutritional
recommendations given by the technical staff.
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The sample size was determined considering a large effect size (1.41) for an a error < 5% and
statistical power (1—) > 80%, in mean differences in circulating CK concentration in athletes 24
h after completion of a half marathon (30). A minimum of seven athletes was necessary, and
then a group of the best-ranked (top 20) athletes of CBAT was invited to participate in the study.
Nine athletes volunteered, but one was excluded based on exclusion/inclusion criteria.

Protocol

This is a cross-sectional observational study carried out in official competitions of 20 km walking
races organized by the Brazilian Athletics Confederation (CBAT), held in the Brazil Athletics
Trophy 2019 and Parana Athletics Championship 2019. These official competitions are
accounted for to define national athletes' ranking. The races were performed in outdoor tartan
tracks, with temperatures ranging from 22-25 °C, relative air humidity between 76-80%, and
wind flow speeds ranging from 5-7 km/h. The procedures of competitions followed the rules
of World Athletics (https://worldathletics.org/).

Two hours before (Pre), immediately after (Post), and 24 and 48 hours post-race, blood and
saliva samples were collected, muscle soreness in the lower limbs was evaluated, and
countermovement (CM]J) and squat (S]) jump tests were performed. Twenty minutes after the
race, the RPE was reported using the Borg CR-10 scale. The athletes were familiar with all tests
and procedures before data collection.

Twenty minutes after the end of the race, the rate of perceived exertion (RPE) was determined
using the Borg-CR10 scale (14). The official total race time (minutes) was used to calculate the
internal load intensity of the competition, multiplying the RPE by the time.

The EIMD was classified as mild, moderate, or severe based on criteria described by Paulsen
and coworkers (38) that take into account the levels of circulating CK, loss of performance after
physical efforts, and time to recovery.

Blood samples were collected in vacuum tubes containing EDTA (Vacutainer®, BD Biosciences,
Franklin Lakes, USA), centrifuged at 4000 g, for 5 min, and the plasma was aliquoted and stored
at —20°C before use.

The concentrations of CK and circulating aspartate aminotransferase (AST) were determined
using a biochemical analysis method in automated equipment (Dimension XL, Siemens,
Munich, Germany) with commercial kits (Siemens, Munich, Germany), according to the
manufacturer's recommendations.

Levels of TNFa, IL-6, and IL-10 were assessed by enzyme-linked immunosorbent assay (ELISA)
using commercial kits (Invitrogen, Thermo Fisher Scientific, Carlsbad, CA, USA), according to
the manufacturer's recommendations.

Unstimulated saliva samples were collected for 2 min, before being centrifuged at 4000 g for 5
minutes, and stored at —20 °C. The samples were diluted 1:1000 in PBS solution (pH 7.2) and the
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concentration of salivary IgA (SIgA) was determined with a commercial ELISA kit (Bethyl
Laboratories, Montgomery, USA), according to the manufacturer's recommendations. The SIgA
secretion rate (ug/min) was determined by IgA concentration multiplied by saliva flow rate.

The salivary concentrations of cortisol (cat. 3002; Salimetrics, State Colege, PA, USA) and
testosterone (cat. 2402; Salimetrics, State Colege, PA, USA) were determined with commercial
kits, according to the manufacturer's recommendations.

Muscle soreness was assessed using a 10-point scale (33). The athletes were instructed to squat
with their knees bent at 90° for 5 seconds, with their hands on their hips, and report the pain
intensity in the lower limb muscles on the visual analog pain scale.

The squat (SJ) and countermovement (CM]J) jump tests were performed on a contact mat (Cefise,
Nova Odessa, SP, Brazil), to assess explosive strength and reactive strength (6, 25). Three
attempts were made, with a 1-minute interval between each jump, and the best attempt was
used for statistical analysis. Jump heights were determined using software (Jump System,
Cefise, Nova Odessa, SP, Brazil).

Statistical Analysis

The homogeneity of variances and normality distribution was assessed using the Bartlett test.
Data with normal distribution are described as mean and standard deviation and data without
normal distribution as medians and quartiles of 25-75% of value distribution. The percentual
variation concerning pre-values (A) was calculated at Post, 24 h, and 48 h. Differences over time
were determined using the repeated-measures ANOVA with Bonferroni's post hoc test for
parametric measurements. Nonparametric data were evaluated by Friedman's test with Dunn's
post hoc test. Differences between the moments were considered significant if p < 0.05. The
correlation of the race time and RPE, with the study variables, was determined with Pearson's
correlation coefficient (parametric data) or Spearman's rank correlation (nonparametric) tests.
Cohen’s d etfect size (ES) and 95% confidence interval were calculated for differences between
pre-values and Post, 24 h and 48 h. Sample size calculation was performed in G*Power v. 3.1.9.6
(Franz Faul, University of Kiel, Germany) and statistical analysis was performed in GraphPad
Prisma v.4 (GraphPad, Boston, USA).

RESULTS

The RPE in competitions was 8 + 1.5 a.u. with an average race time of 117.5 + 14 minutes and an
estimated internal load of 926.3 * 191.1 a.u. The athletes’ age, CBAT ranking, 2019 best
individual performance, race performance, and competitive training load were demonstrated in
Table 1.
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Table 1. Individual athletes” age, national ranking, best individual performance, race performance, and competitive
training load.

Athlete Age  Ranking CBAT In‘%{l;’éj‘%irie“ Race Time RPE (:Loor;lge(:if’)e
Female 1 25 2 1:33:09 1:42:15 10 1020
Female 2 24 4 1:55:27 1:57:06 7 819
Female 3 19 5 1:56:12 1:56:12 7 812
Female 4 19 9 2:01:31 2:02:33 8 976
Female 5 38 15 2:10:40 2:10:40 6 780
Female 6 27 17 2:12:10 2:12:10 10 1320
Male 1 23 11 1:37:20 1:37:55 9 823
Male 2 20 7 1:34:15 1:46:14 7 742

CBAT = Brazilian Athletics Confederation; RPE = rate of perceived exertion. a.u = arbitrary units.

The individual values of markers of EIMD were demonstrated as levels of CK (Figure 1a), AST
(Figure 1b), S (Figure 1c), CM]J (Figure 1d), and DOMS (figure 1e).
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Figure 1. Individual values of markers of exercise-induced muscle damage before (Pre), immediately after (Post),
and 24 and 48 h after the walking race competitions. a) Circulating levels of creatine kinase (CK). b) Circulating
levels of glutamic oxalacetic transaminase (AST). c) Delayed-onset muscle soreness (DOMS). e) Squat jump
performance (S]). f) Countermovement jump performance (CM]J).

After 24 h, high levels of CK were observed in relation to the Pre values (Table 2). The effect size
(EF) of CK increase in circulating levels was considered large to very large at Post, 24 h, and 48
h (Table 2). However, ACK were not significantly different (p = 0.20, F = 1.94) (Table 2).

The median AST values at Pre, Post, 24 h, and 48 h were not significantly different (p = 0.13; F =
5.58), but presented moderate EF for AST increase after all time points after the race (Table 2).
The AAST values did not show statistical differences (p = 0.35; F = 2.38) (Table 2).
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Median levels of DOMS were significantly high at 24 h in relation to Pre (Table 2). The EF for
DOMS increase was considered large in relation to Pre values at all time points (Table 2). No
significant differences in ADOMS (p = 0.19, F = 3.71) were detected (Table 2).

The mean values of the SJ at Pre, Post, 24 h, and 48 h were not significantly different (p = 0.11, F
=3.18, Table 2). The reduction in AS] height was not significant (p = 0.11, F = 3.27), but presented
a large EF at Post in relation to Pre and 48 h (Table 2). The mean values of CMJ (p =0 .16, F =
3.40) and ACM]J (p = 0.13, F = 2.89) showed no significant differences, with a medium to trivial
ES (Table 2). One athlete was very fatigated immediately after the race and tried to but could
not jump onto the contact mat (Figure 1d and 1e). The Post value of this athlete was included in
the analysis as zero.

The magnitude of muscle damage based on loss of function (jump height 24 to 48 h after the
race) and CK levels (24 to 48 h) was considered mild in seven participants and moderate in one
subject.

Table 2. Median or mean values and Cohen’s effect size (95% confidence interval), and percentual variation (A), of
creatine kinase (CK), aspartate aminotransferase (AST), delayed-onset muscle soreness (DOMS), squat jump (S]),
and countermovement jump (CM]J) at Pre and after walking race competitions.

Pre Post 24h 48 h

CK (U/L)t 87 [64-132] 289.3 [92.5-321.3] 219 [94.7-802.0] * 209.5 [126-327.5]
ES Post 1.48 (0.31-2.49) VL - - -
ES24h 0.99 (-0.10-1.96) L 0.58 (~0.45-1.54) M - -
ES48h 1.03 (-0.06-2.01) VL 024 (-0.75-121)S  —0.41 (-1.37-0.60) M -

A CK (%Pre)! - 129.6 [15.8-231.4] 120.3 [36.6-772.3] 129.2 [25.3-293 4]
AST (U/L)! 15.5 [13.0-18.2] 255 [19.2-30.5] 18.0 [12.2-44.5] 235 [14.4-29.0]
ES Post 0.70 (-0.34-1.67) M - - ;
ES24h 0.60 (-0.43-1.57)M  —0.37 (~1.33-0.64) S - -
ES48h 0.70 (-0.34-1.68) M —0.50 (-1.46-0.52)S  —0.20 (-1.17-0.80) S -

A AST (% Pre)! - 56.5 [6.0-76.4] 22.6 [-53.8-254.7] 21.8 [27.1-100]
DOMS (A.U.)! 1.0 [0-3] 3.0[0.0-5.7] 45[15-67]* 2.0 [0-4.0]
ES Post 1.04 (=0.05-2.02) VL - - -
ES24h 1.82 (057-2.86) VL —0.31 (-0.69-1.28) S - -
ES48h ( 0.80 (-0.17-1.88)L  —0.43(-1.39-0.59)5  —0.93 (=1.90-0.15) L -
ADOMS(%Pre) - 100 [0 - 358] 400 [25 - 600] 150 [0 - 375]
SJ (cm) 254+7.1 192 +£12.9 23.8+£69 246+74
ES Post ~0.60 (~1.56-0.44) M - - ;
ES24h -0.23 (-1.20-0.77)S  0.44(=0.57-1.41) s - -
ES48h ( ~0.11 (-1.08-0.88) T 0.51(-0.51-1.48) M 0.11(-0.87 - 1.09) T -

ASJ (% Pre) - -30.5+38.1 ~5.7 +83 -32+6.7
CM]J (cm) 263 £7.9 215+124 26.0+7.4 26.6+7.8
ES Post ~0.46 (-1.43-0.56) s - - -
ES24h ~0.04 (-1.02-0.94)T  0.44 (-0.57-1.41)8 - -
ES48h 0.04 (~0.98-1.02) T 0.49 (-0.53-1.46) 5 0.08 (=0.61-1.05) T -

A CM]J (%Pre) - -252+36.7 05+79 05+35

IMedian [25 to 75% interquartile range]; *p < 0.05 in relation to Pre, Dunn’s test. EF = effect size. VL = very large
effect size; L = large effect size; M = medium effect size; S = small effect size; T = trivial effect size.
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The individual values of inflammatory markers IL-6 (Figure 2a), TNFa (Figure 2b), IL-10 (Figure
2c), saliva flow rate (Figure 2d), salivary SIgA concentration (Figure 2e), salivary SIgA secretion
rate (Figure 2f), testosterone (Figure 2g), cortisol (Figure 2h) and testosterone:cortisol ratio
(Figure 2i) were demonstrated in Figure 2. Regarding inflammatory parameters, the mean
values of IL-6 concentration (p = 0.31, F =1.20) and AIL-6 (p = 0.87, F = 0.45) were not significantly
different at any time point (Table 3). However, large ES were observed for differences in mean
IL-6 concentration from Pre to Post, and 24 h (Table 3). No significant differences were identified
in median TNFa concentrations (p = 0.55, F = 0.57) and ATNFa (p = 0.47, F = 1.61) at any time
point (Table 3). A moderate ES was observed for a reduction in TNFa concentration at 24 h in
relation to Pre and 48 h (Table 3). The median value of IL-10 concentration (p = 0.07, F = 7.05)
and AIL-10 (p = 0.07, F = 7.04) were not significantly different (Table 3). The increase in Post IL-
10 concentration presented a large EF in relation to Pre, 24-h, and 48-h values (Table 3).

The secretory salivary immunity did not present significant changes (Table 3). The mean value
of salivary flow rate was higher (p < 0.05) at 24 h (1.2 £ 0.3 mL/min), compared to Pre (0.95 + 0.3
mL/min) and Post (0.96 + 0.2 mL/min), but with no difference in relation to 48 h (1.1 + 0.37
mL/min). The median concentration of salivary SIgA (p = 0,28, F = 3.75) and ASIgA (p = 0.23,
F =3.25) showed no statistical differences (Table 3). The median SIgA secretion rate (p = 0.41, F=
2.85) and ASIgA secretion rate (p = 0.23, F = 3.24) did not show significant differences. Increased
levels of SIgA concentration and secretion rate presented moderate effect sizes at Post and 24 h
in comparison to Pre values (Table 3).

Endocrine markers present significant differences at Post moments (Table 4). Mean salivary
testosterone levels were higher at Post compared to Pre and 24 h (Table 4). The Atestosterone
increased at Post compared to 24 h (Table 4). Very large effect sizes were observed for increased
levels of testosterone Post in relation to Pre and 24 h (Table 4). Median cortisol values were also
higher at Post compared to Pre and 48 h (Table 4). Very large effects were observed for the
increase of cortisol at Post in relation to time points (Table 4). The mean testosterone: cortisol
ratio and AT:C ratio did not show significant differences (p = 0.56, F = 0.60) at any moment (Table
4). Large effect sizes were observed for decreased T:C ratio at Post in comparison with Pre, 24 h,
and 48 h (Table 4).
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Figure 2. Individual plasma concentrations of serum cytokines, salivary immunity, and hormones before (Pre),
immediately after (Post), and 24 and 48 h after a walking race competition. a) Interleukin-6 (IL-6). b) Tumor necrosis
factor-alpha (TNF alpha). c) Interleukin-10 (IL_10). d) Saliva flow rate. e) Salivary SIgA concentration. f) Salivary
SIgA secretion rate. g) Salivary testosterone. h) Salivary Cortisol. i) Testosterone:cortisol ratio.
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Table 3. Median or mean values and Cohen’s effect size (ES), and percentual variation (A), of Interleukin-6 (IL-6), Tumor
Necrosis Factor-Alpha (TNF-a), Interleukin-10 (IL-10), concentration and secretion rate of SIgA.

Pre

Post

24h

48h

IL-6 (pg/mL)
ES Post)
ES24h

ES48 h

ATL-6 (% Pre)

76+47
0.64 (-0.40-1.61)M
0.92 (-0.16-1.89) L
0.33 (~0.68-1.29)

14.0+14.3

~0.03 (-1.01-0.95) T
~0.48 (-1.45-0.54)S
3.1[-174-166.2]

13.9£8.5

~0.67 (-1.64-0.37) M
110.9 [-9.86-237.8]

92+£51

34 [-45.3-149.5]

TNFa (pg/mL)
ES Post
ES24h
ES48 h

A TNFa (% Pre)

7.6 [5.5-10.3]
0.11 (~0.88-1.08) T
-0.74 (-1.71-0.31) M
0.15 (-0.84-1.13 T

55[2.1-9.2]

~0.39 (-1.36-0.62) 5
0.00 (~0.98-0.98) T
—24.4[-64.7 - 12.2]

49[1.6-83]

0.56 (~0.47-1.53) M
-26.6 [-81.5-3.9]

6.8 [2.4-13.7]

-27.8 [64-143.3]

IL-10 (pg/mL)

3.7 [3.6-8.8]

7.0 [4.7-17.2]

40[3.1-7.5]

41[2.6-68]*

ES Post 0.84 (-0.31-1.71) t - - -
ES24h 0.09 (~1.06-0.90) T ~0.80 (~1.78-0.25) - -

ES48h -0.33 (~1.30-0.68) s ~0.95 (-1.93-0.13) ~0.25 (-1.22-0.74) 5 -

ATL-10 (% Pre) - 55.6 [3.5 - 184.9] -24[-153 - 7.1] -2.5 [-36.7-12.6]
SIgA (ug/mL) 218 [217-220] 206 [134-923] 221 [162-382] 146 [57-159]

ES Post 0.67 (~0.37-1.64) M - - -

ES24h 0.50 (~0.52-1.47) M -0.37 (~1.33-0.64) s - -

ES48h 0.11 (~0.88-1.08) T -0.54 (~1.51-0.48) M ~0.27 (-1.24-0.73) 5 -

ASIgA (% Pre) - ~4.2 [-38.6 - 313.3] 0.9 [-25.3-71.4] -34.2 [-73.3-19]
SIgA (jig/min) 202 [168-217] 227 [132-485] 309 [172-432] 176 [48-427]

ES Post 0.56 (~0.47-1.53) M - - -

ES24h 0.73 (-0.32 - 1.70) M -0.08 (~1.06 - 0.90) T - -

ES48h 0.27 (-0.73-1.24)s -037 (-133-054)s  —0.38 (-1.35-0.62) 5 -

ASIgA (%Pre) - 24.4[-39.5 - 308.1] 27.7 [-19.8 - 210.8] -35.8 [-72.2 - 104.8]

#p < 0.05, compared to Post. VL = very large effect size; L = large effect size; M = medium effect size; S = small effect size; T =

trivial effect size.

Table 4. Median or mean values and Cohen’s effect size (ES), and percentual variation (A), of salivary testosterone, salivary
cortisol, and testosterone:cortisol ratio.

Pre Post 24 h 48 h
Testosterone 111.4£89.2 202.3 £ 95.5* 95.0 £76.0%# 120.1 £103.4
(pg/mL)
ES Post 1.02 (=0.07-2.00) VL - - -
ES24h -0.20 (=1.17-0.80) s -1.29 (-2.29-2.06) Vi - -
ES48h 0.09 (-0.90-1.07) T -0.85 (-1.82-0.21) L 0.28 (-0.72-1.25) S -
£, Testosterone . 13651128 ~16.1+33.1% 75+489
(%Pre)
Cortisol 0.12 [0.06-0.26] 0.93 [0.49-1.19]* 0.07 [0.04-0.33] 0.12 [0.04-0.26]#
(pg/dL)!
ES Post 1.83 (0.58-2.88 ) VL - - -
ES24h 0.11 (-1.04-0.92) S ~1.85 (=2.91--0.60) VL - -
ES48h -0.38 (-1.34-1.63) M -2.05 (-3.13--0.75) VL -0.30 (-1.27-0.70) s -

A Cortisol (% Pre)

493 [105-1098]

~18.8 [ -56.6-63.2] *

~24.7 [~65.5-56.7] #

T:Cratio (A.U.)
ES Post
ES24h
ES48 h

AT:C (%Pre)t

1215 + 860.6
~0.80 (~1.67-0.34) L
0.32 (0.68-1.29) s
0.18 (~0.82-1.15) S

818.1 +822.7

1.18 (0.06-2.17) Vi
0.80 (=0.26-1.77) L

-53.4 [-76.2-100.2]

1243 + 1416

-0.07 (-1.04-0.92) T
~0.7 [~63.7-68.5]

1202 + 1036

27.3 [-67.9-143.2]

*p < 0.05 compared to Pre values. #p < 0.05, ##p < 0.01 compared to Post values. VL = very large effect size; L = large effect size;
M = medium effect size; S = small effect size; T = trivial effect size.
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DISCUSSION

The present study demonstrated that the 20 km walking race caused mild muscle damage, with
a slight increase in CK at 24 h and DOMS at 48 h. Contrary to the study hypothesis, there was
no significant loss of strength in the lower limbs or changes in inflammation markers and
salivary secretory immunity. Despite the high load intensity reported at the end of the race, the
endocrine modulation suggests that athletes presented a positive balance between stress and
recovery after the race.

Increased CK values at 24 h occur in situations where physical exercise has caused muscle
damage (7, 38). Although a significant increase in CK was observed at 24 h, CK values in the
present study were lower than those observed in marathons and half marathon races (3, 10, 12,
42). Changes in CK levels in endurance sports are expected, with the highest level 24 h after the
end of the exercise, and the magnitude of this increase seems to be proportional to muscle
damage, being considered of low magnitude in the athletes of the present study (7, 38).
Circulating AST levels are also associated with EIMD and marathon and half-marathon athletes
presented increased levels of AST immediately after the race and for a period of 24 to 48 h (10,
12). Although the 20 km walking race is longer-lasting than running races, no significant changes
in circulating AST levels were detected, suggesting a lesser degree of damage in this type of race
modality.

The reduced ability to generate muscle strength and power is a key marker of muscle damage
(38). The reduction in the capacity to generate strength and power in the lower limbs has been
observed immediately after and for 24 h after marathon events (10, 22), although slight decreases
are also seen in half-marathon recreational and amateur runners (11, 46). Although half-
marathons cover distances close to walking races investigated in the present study, those studies
may underestimate muscle damage in this distance of competition since investigated
recreational athletes. In the present study, elite athletes were investigated during the most
important national competitions, and higher demand and efforts were expected than in
competitions held by amateurs and recreational athletes. Despite one athlete being so fatigated
that could not jump after ending the race (Post), the mean vertical jump tests did not show any
significant loss of function at any time after the race, suggesting that the level of muscle damage
was very small (38). This is important since the improved capacity to store elastic energy and
power generation in lower limb muscles during eccentric and concentric phases physical are
requirements for muscle contraction in gait in a walking race (18, 20, 21). This suggests that well-
trained high performance athletes could copy with 20-km walking races without been at high
risk of muscle damage and underperformance.

Another sign of muscle damage is DOMS, characterized by mechanical hyperalgesia stimulated
by neurotrophins, within 24 to 72 h after physical effort (36, 38). The magnitude of DOMS
observed in the present study, associated with the findings of CK and jumping tests, suggests
that mild muscle damage occurs in athletes after a 20 km walking race. DOMS symptoms in the
present study were similar to those observed after half marathon races, in which DOMS
symptoms were of small magnitude, occurring immediately after the race and 24 h after, and
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returning to baseline values at 48 h (30, 47). Although we have investigated only two men,
biochemical differences seems not to be relevant between both sexes. On the other hand, vertical
jump is usually increased in men compared to women, but we decided to include both sexes in
analysis since we adopted a repeated measures design in statistical analysis and there was no
significant changes from pre values in pooled group. Despite literature highlights that estrogen
could have some protective effects against muscle damage induced by eccentric contractions
(24, 32), the magnitude of damage and reduced number of participants in the present study was
small to evaluate any difference in men and women.

IL-6 is a cytokine produced by skeletal muscle during contraction, especially in long-term
exercises (41). IL-6 has the function of mobilizing glucose and lipids to maintain energy
homeostasis during aerobic efforts. Thus, increased levels of IL-6 were expected after the end of
the 20 km walking race, since long-running races dramatically increase plasma levels of IL-6
after competition (3, 10, 12, 41, 42). The IL-6 Post levels in the present study are close to the
values observed in half-marathon athletes, whose distance (21 km) and race time (108 minutes)
were close to the present study (41). However, in the walking race, we observed different IL-6
responses after the race, with some athletes showing an increase, while others did not show
significant changes. The values of TNFa, a cytokine that has an inflammatory action, did not
show significant differences at any time after the race, suggesting that the 20 km race does not
promote systemic inflammatory reactions. This result is similar to that observed in half-
marathon events (41). IL-10 is an anti-inflammatory cytokine secreted in response to exercise,
correlating with the individual's level of aerobic capacity (2). Considering the need for aerobic
fitness for long-distance runs, high levels of IL-10 were observed after half marathon and
marathon runs (10, 12, 42), and a very large effect was observed after the 20 km walking races
evaluated in the present study. Differences in immunological parameters (cytokines and
inflammatory cells) were not different between men and women after a fatiguing aerobic effort
(28), so we included both sexes in the analysis. The results of the present study suggest that the
walking race does not induce systemic inflammatory responses and is accompanied by the
production of an anti-inflammatory mediator (IL-10). The absence of inflammatory mediators
corroborates the results of muscle damage observed after the race, suggesting that there was
little damage to the muscle fibers in 20 km walking race in professional athletes.

The effects of a 20 km walking race on testosterone and cortisol levels, and the
testosterone:cortisol ratio are not described in the literature. However, the effects observed in
the present study are similar to those seen in half marathons (27) and after high-intensity efforts
in endurance athletes (33). The absence of significant changes in the testosterone: cortisol balance
24 and 48 hours after a walking race suggests that excessive muscle catabolism does not occur
after the race. In sports, lower physical and technical performance was observed in athletes who
had increased levels of cortisol and low testosterone concentrations before competition (26, 44).
However, there was no association between cortisol and testosterone levels with the 20 km
walking race performance.

The development of upper airway infections is associated with a reduction in salivary SIgA
levels in response to very intense training periods or competitive events (8, 15, 29). However, a
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study showed that endurance athletes submitted to a high-intensity effort present increased
testosterone, cortisol, and SIgA after exercise (33). The results of the present study demonstrate
that walking race athletes did not present significant changes in the mucosal immune response
after the competition. It should be noted that none of the athletes had salivary SIgA levels below
60 pg/mL, considered a moderate risk, or 40 pg/mL, considered a high risk for the development
of upper airway infections during the follow-up period (16).

The results of the study suggest that, despite the high internal load, the official 20 km walking
race evoked mild EIMD, no circulatory inflammatory profile, and a negligible impact on
immuno-endocrine modulation. Nonetheless, the recovery interventions that aim to reduce
muscle damage may be useful during the recovery of elite athletes after the race. The secretory
mucosal immunity also does not seem to be significantly affected by the physiological burden
of the race. So, nutritional or immunostimulatory interventions to prevent airway infections in
professional athletes who do not present low levels of SIgA immediately before races may be
unnecessary.

This is the first study to describe the EIMD and immune-endocrine parameters of elite walking
racers during official competitions. Despite similarities in distance and time between the half-
marathon and the 20-km walking race, walking racers seem to display a lower level of EIMD
and little impact of race in immune-endocrine markers than running races. In this way, coaches
and athletes would benefit from a faster return to training routines and fewer risks of lesions
than in other endurance long-distance sports. The results of this work have a direct impact on
how and when to apply recovery strategies, such as cold-water immersions, immediately and
thereafter races since athletes display a very low level of EIMD biochemical markers and
recovered jump ability 24 h after the race. Once a walking race did not evoke significant
inflammatory reactions and did not significantly impact the mucosal immunity of elite athletes,
using dietary supplements and resources should be focused on improving physical performance
rather than recovery.
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