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Effect of changes in blood fatigue indicators, inflammatory
markers, and stress hormone levels on 100-m records of
sprinters following an 8-week intense interval training
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This study aimed to examine the changes in the blood fatigue indica-
tors, inflammatory markers, and stress hormones following an 8-week
intensity interval training in sprinters, and to investigate the effects on
changes in the 100-m sprint records. Twenty sprinters from a boys" high
school were equally assigned to high-intensity and medium-intensity
interval training groups, and three 60-min interval training sessions
were performed per week for 8 weeks, for a total of 24 sessions. Exer-
cise intensity was defined as 85%-95% and 75%-85% of heart rate re-
serve for high- and medium-intensity training, respectively. At rest, both
groups had an exercise intensity of 60% of the heart rate reserve. Our
results showed decreased fatigue indicators, inflammatory markers,
and stress hormone levels after high-intensity and medium-intensity in-

INTRODUCTION

Sprinting is a competitive exercise, with the aim of running the
fastest over a specified distance. The energy demand during exer-
cise rapidly increases, which all physiological functions adapt to.
For athletes, blood lactate and ammonia concentrations are direct-
ly related to muscle fatigue, and have significance as they deter-
mine the limiting factors in muscle exercises. Athletes often have
to repeat high-intensity exercises during training or competitions,
increasing the capacity for lactic acid and ammonia concentrations.
In this regard, recovery in the shortest possible time is important
in determining athletes’ performance, in which the metabolism of
fatigue indicators in the blood plays a significant role.

In contrast, the key factor in high-intensity interval training,

terval training, with no difference between the training levels. In addi-
tion, the 100-m sprint records were different in high- and medium-inten-
sity interval training groups, based on the lactate dehydrogenase and
adrenocorticotropic hormone levels. In conclusion, medium-intensity
interval training with a reserve heart rate of >75% can have a positive
effect on blood fatigue indicators, inflammatory markers, and stress
hormones in sprinters. Specifically, the changes in adrenocorticotropic
hormone level seen in the high-intensity interval training group were
found to have a significant effect on the 100-m sprinting records.

Keywords: High-intensity interval, Medium-intensity interval, Heart rate
reserve, Blood fatigue indicators, Inflammatory markers, Stress hormone

which has recently been gaining attention, is to have alternating
high-intensity and low-intensity exercises, with resting periods in
between the intervals. High-intensity interval training can replace
conventional aerobic exercises as it shows higher energy consump-
tion during exercise and greater effects in the same period of time,
in addition to reducing boredom during continued training. How-
ever, high-intensity exercises can cause muscle damage or fatigue
and increase the circulating amount of stress hormones and active
substances involved in the inflammatory immune response, as well
as blood enzymes (Hasenoehtl et al., 2017). However, long-term
regular training reduces fatigue levels (Theofilidis et al., 2018),
anti-inflammatory effects, and overall stress (Timmerman et al.,
2008), correlating with performance improvement.

Based on the results of these studies, interval training may show
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Table 1. Physical characteristics of subjects

Table 2. Interval training program

Characteristic HIIT group (n="10) MIIT group (n=10)
Age (yr) 17.28+1.11 17.50+0.54
Height (cm) 180+6.13 178+4.79
Weight (kg) 71.28+897 7052+7.52

Values are presented as mean + standard error.
HIIT, high-intensity interval training; MIIT, medium-intensity interval training.

varying effects on metabolic parameters, depending on the subject
and exercise intensity. However, only a limited number of studies
reported on the longitudinal effects on the 100-m sprinting records,
according to the changes in blood fatigue indicators, inflammatory
markers, and stress hormone levels following interval training of
varying intensities. Therefore, it seems necessary to conduct a study
on the effects of highly efficient interval training of varying inten-
sities on the improvement of performance in adolescent sprinters.

MATERIALS AND METHODS

This study was conducted with 20 male sprinters from a high
school in Tangshan city, China. The subjects were randomly assigned
to ten subjects each in the high- and medium-intensity interval
training groups. This study was approved by the Ethics Commit-
tee of a Tangshan Normal University No: TSNU-2019-101). The
participants’ characteristics are shown in Table 1.

The subjects’ blood samples were collected before and after the
8-week program under the same conditions and time periods.
After a resting period, a medical laboratory technologist withdrew
blood from the subjects’ forearm veins. The blood samples were
centrifuged at 3,000 rpm for 30 min and stored in a freezer at -70°C.
All variable analyses were performed at the medical laboratory, and
the participants’ lactate dehydrogenase (LDH), creatine kinase
(CK), C-reactive protein (CRP), interleukin-6 (IL-6), cortisol, and
adrenocorticotropic hormone (ACTH) levels were measured.

Three 60-min interval training sessions were conducted per week
(on Mondays, Wednesdays, and Fridays) for 8 weeks, for a total of
24 sessions, with each session lasting 60 min. Two groups performed
a 20-min warm-up exercise, including jogging and joint stretch-
ing, and performed interval training for 35 min. This was followed
by a 5-min cool-down exercise. The exercise intensity was defined
by the target heart rate using the formula by Karvonen as follows:
target heart rate = exercise intensity X (maximum heart rate-resting
heart rate)+resting heart rate. The exercise intensity for high- and
medium-intensity interval training were 85%-95% and 75%—
85% of the heart rate reserve (HRR), respectively, while the exer-
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Group Intensity (HRR) Exercise program Set (1;:?[3
HIT  Exercise intensity: ~ Warm-up: jogging, stretching 20
HRR85%-95%  Main exercise: 100-m run 4 3
Exercise intensity at - Ten jump squats after a 40-sec break
rest HRR60%  100-m run after jump squat
Ten standing jumps after a 40-sec rest
50-m start dash after standing jumps
Cool-down: stretching 5
MIT  Exercise intensity: ~ Warm-up: jogging, stretching 20
HRR 75%-85%  Main exercise: 100-m run 4 35
Exercise intensity at  Ten jump squats after a 60-sec break
rest:HRRB0%  100-m run after jump squat
Ten standing jumps after a 60-sec rest
50-m start dash after standing jumps
Cool-down: stretching 5

HIIT, high-intensity interval training; MIIT, medium-intensity interval training; HRR,
heart rate reserve.

cise intensity during the resting period for both groups was 60%
of the HRR. Heart rate was measured using a smart band, and the
exercise was repeated four times in each exercise group (Table 2).

For the 100-m sprint, the sprinters started in a crouching posi-
tion on a starting block and ran on a straight course along the
400-m track, and the time when the trunk touched the finish line
was recorded. For each record, two measurements were taken, and
the better recorded time down to 1/100 of a second was used.

All data analyses in this study were conducted using IBM SPSS
Statistics ver. 26.0 (IBM Co., Armonk, NY, USA). A general lin-
ear model was used to calculate the mean and standard error for
each variable, and examine changes in serum fatigue indicators,
inflammatory markers, and stress hormone levels between the
training groups and their effects on the 100-m sprint records. The
significance level was set at 0.05.

RESULTS

Changes in the LDH level

Changes in the LDH level are presented in Table 3. No interac-
tion between the group and the time period was observed. Al-
though no main effect in the group was observed, significant dif-
ference in the time period was observed.

Changes in the CK level

Changes in the CK level are presented in Table 4. No interac-
tion between the group and the time period was observed. Al-
though no main effect in the group was observed, significant dif-
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Table 3. Lactate dehydrogenase level (ng/L) before and after training

Table 6. Interleukin-6 level (ng/L) before and after training

Lactate dehydrogenase level (ng/L)

Interleukin-6 level (ng/L)

Group — — Group — —
Before training After training Before training After training

HIIT 46.15+3.19 36.12+£2.36 HIIT 24.77+2.65 19.75+0.93

MIIT 4759+398 37.77+£312 MIIT 2491+1.70 18.09+0.62

Values are presented as mean + standard error.
HIIT, high-intensity interval training; MIIT, medium-intensity interval training.
ngoup*l\me: 001 (0928), Fgmup: 1 60 (0228), Fume: 7947 (0001 )

Table 4. Creatine kinase level (pg/L) before and after training

Values are presented as mean + standard error.
HIIT, high-intensity interval training; MIIT, medium-intensity interval training.
Fgroup*ume = 257 (01 33), Fgroup = 1 25 (0284), Fume: 1 1 1 50 (0001 )

Table 7. Cortisol level (ug/L) before and after training

Creatine kinase level (pg/L)

Cortisol level (ug/L)

Group = = Group

Before training After training HIIT group (n=10) MIIT group (n=10)
HIT 481.90+23.68 376.86+23.18 HIT 190.22+39.94 212.55+11.89
MIIT 481.46+32.31 385.80+22.57 MIIT 208.07+3354 221.34+12.89

Values are presented as mean + standard error.
HIIT, high-intensity interval training; MIIT, medium-intensity interval training.
Froup*time=0.05 (0.833), Fyroup="0.46 (0.508), Fime=172.83(0.001).

Table 5. C-reactive protein level (ug/L) before and after training

Values are presented as mean + standard error.
HIIT, high-intensity interval training; MIIT, medium-intensity interval training.
Frouptine =0.23 (0.640), Fyroup=1.53(0.237), Fime=3.54(0.082).

Table 8. Adrenocorticotropic hormone level (ng/L) before and after training

C-reactive protein level (ug/L)

Adrenacorticotropic hormone level (ng/L)

Group — — Group — —
Before training After training Before training After training

HIIT 2,396.93+321.24 1,958.50+181.47 HIIT 131.21£14.72 105.43+2.03

MIIT 2,341.88+362.51 1,919.86 + 126.60 MIIT 131.18+15.31 113.12+4.02

Values are presented as mean + standard error.
HIIT, high-intensity interval training; MIIT, medium-intensity interval training.
Fyoupime=0.01(0.921), Fyoup=0.18(0.681), Frime=28.33 (0.001).

ference in the time period was observed.

Changes in the CRP level

Changes in the CRP level are presented in Table 5. No interac-
tion between the group and the time period was observed. Al-
though no main effect in the group was observed, significant dif-
ference in the time period was observed.

Changes in IL-6 level

Changes in IL-6 level are presented in Table 6. No interaction
between the group and the time period was observed. Although
no main effect in the group was observed, significant difference in
the time period was observed.

Changes in the cortisol level

Changes in the cortisol level are presented in Table 7. No inter-
action between the group and the time period was observed. The
results of the main effect demonstrated no significant difference
between groups and between time periods.
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Values are presented as mean + standard error.
HIIT, high-intensity interval training; MIIT, medium-intensity interval training.
Fyouprime=0.83(0.378), Fyoup=1.08(0.317), ine=26.80(0.001).

Table 9. Changes in 100-m record times (sec) before and after training

Changes in 100-m record times (sec)

Group — .
Before training After training

HIIT 12.33+087 12.08+0.83

MIIT 12.41+068 12.19+052

Values are presented as mean + standard error.
HIIT, high-intensity interval training; MIIT, medium-intensity interval training.
E;mup*nme = 007 (0797), Fgroup = 006 (0809), E\me: 1 604 (0001 )

Changes in ACTH level

Changes in the ACTH level are presented in Table 8. No inter-
action between the group and the time period was observed. Al-
though no main effect in the group was observed, significant dif-
ference in the time period was observed.

Changes in 100-m sprinting records

Changes in the 100-m records are presented in Table 9. No in-
teraction between the group and the time period was observed.
Although no main effect in the group was observed, significant
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Table 10. Covariate analysis on the variables

Variable s SE t P-value
CK (pg/L) -0.003 0.002 -1.356 0.200
CRP (pg/L) 0.000 0.000 1.903 0.081
IL-6 (ng/L) -6.469E-5 0.030 -0.002 0.998
Cortisol (pg/L) -0.003 0.002 -1.733 0.109
LDH (ng/L)
HIT -0.052 0.030 -1.734 0.134
MITT 0.026 0.014 1.835 0.126
. DH*group t=-2.366, P=0.037
ACTH (ng/L)
HIT -0.0010 0.005 2219 0.068
MIIT 0.004 0.005 0.714 0.507

ACTH*group t=-1.979, P=0.073

CK, creatine kinase; CRP, c-reactive protein; IL-6, interleukin-6; LDH, lactate dehy-
drogenase; ACTH, adrenocorticotropic hormane; HIIT, high-intensity interval train-
ing; MIIT, medium-intensity interval training.

difference in the time period was observed.

Longitudinal effect of each variable on the 100-m sprint
records

Table 10 shows the results of analysis of covariance using each
variable as a covariate to determine how the change of each vari-
able had an effect on the change in 100-m records and whether
this effect was different for each group.

Other variables, with the exception of LDH and ACTH levels,
did not have different effects on the 100-m sprint records of the
two groups. LDH and ACTH showed different effect depending
on the group with #=-2.366 (P =0.037) and #=-1.979 (P = 0.073),
respectively, for interaction at a significance level of 10%.

DISCUSSION

Typically, enzymes are important factors regulating energy lev-
els required for muscle activity (Mantle and Preedy, 2002), and
blood CK and LDH levels reflect the degree of muscle damage,
caused by prolonged physical activity, and physical training (Galan
et al., 2018). LDH activity, which is different between trained and
non-trained individuals, is used as a reference value in monitoring
the athletes’ performance improvement, training effect analysis,
and training and intensity control (Sacheck and Blumberg, 2001).

Apple and Rogers (1985) studied the change in LDH isozyme
activity after a 9-week whole-body endurance training for trained
male and female marathon runners, and reported a decrease in LDH
activity in both males and females. Messonnier et al. (2005) con-
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ducted a 4-week high-intensity exercise program in healthy adults,
which showed a decrease in LDH concentration. CK activity also
increases by high-intensity physical exercise and shows different
patterns depending on the degree of physical training. One-time
exercise increases muscle damage by inducing muscle fatigue, but
long-term regular training reduces muscle damage and damage
substance under the same exercise load (Deruisseau et al., 2004).
Yang (2015) reported a significant decrease in CK concentration
in judo athletes after 6 weeks of high-intensity resistance training.
Deruisseau et al. (2004) reported a significant decrease in CK con-
centrations in college students who received regular training for
12 weeks. Most of these findings suggest that CK and LDH levels
in the muscles and blood are reduced with long-term training.

In this study, intergroup differences were not observed after
8 weeks of medium- and high-intensity interval training, but LDH
and CK concentrations decreased compared to pre-exercise con-
centrations. These results are consistent with those of previous
studies, which could be attributed to the strengthened mechanism
for protection against cell damage following the improvement in
physical strength, and long-term interval training may have a
positive effect against direct cell membrane destruction and tissue
necrosis, leading to fewer enzymes released from the cytoplasm to
the blood.

In contrast, one-time high-intensity exercise causes muscle dam-
age and inflammation (Galan et al., 2018). As an inflammatory
cytokine, CRP is affected by high-intensity physical exercises, in-
cluding long-distance running, marathon, and triathlon (Lippi et
al., 2002). According to a previous study, it was reported that
high-intensity resistance exercise causes muscle damage and in-
creases the concentration of CRP (Konig et al., 2001). In contrast,
regular exercise resolves inflammation and enhances anti-inflam-
matory effects (Nemet et al., 2012). Mattusch et al. (2000) exam-
ined the suppression of inflammatory response through training,
and reported that CRP decreased after 9 months of endurance
training in subjects who were preparing for a marathon.

In this study, the CRP and IL-6 levels decreased at rest after
performing medium- and high-intensity interval training, with
no significant intergroup differences. IL-6, which is an inflamma-
tory marker, is kept at a relatively low level in the body of a normal
athlete, which may be caused by reduction in fat tissues following
regular interval training, resulting in a reduced number of vascular
endothelial cells and macrophages and decreasing IL-6 production.
Libardi et al. (2011) reported that IL-6 concentrations decreased
after 16 weeks of medium- and high-intensity exercises, with no
differences according to intensity. These results demonstrate that
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regular exercise is effective in improving inflammation (Geffken et
al., 2001; Timmerman et al., 2008), possibly because of increased
adaptability of the body and physical performance in individuals
after interval training, reducing the physical burden and increasing
immunomodulation that could be advantageous in regulating in-
flammatory factors.

Exercise also imposes stress on the body, and the level of stress
depends on the exercise duration, exercise intensity, and individual
training level (Tianlong and Sim, 2019). Although studies exam-
ining the changes in stress hormone levels may report contradict-
ing results, most report a significant increase during long-term
exercises of at least a medium intensity, or during short-term high-
intensity exercises (Duclos and Tabarin, 2016). Buono et al. (1985)
reported that 12 weeks of endurance training at submaximal exer-
cise intensity significantly decreased ACTH, and Kraemer et al.
(1999) reported that ACTH significantly decreased whereas corti-
sol response increased in a compound exercise group, with no chang-
es with 10 weeks of endurance training.

In this study, 8 weeks of interval training did not show a signif-
icant difference in terms of ACTH levels between the high- and
medium-intensity training groups, although both groups showed
decreased concentrations. In contrast, cortisol levels increased in
both groups. These findings are consistent with those of Kraemer
et al. (1999), which could be attributed to the increase in cortisol
following exercise activating the sensitivity for the regulation of
ACTH negative feedback (Viru et al., 2001). When exposed to
physical and mental stress, ACTH sectetion from the central ner-
vous system and the pituitary gland is accelerated, but the body’s
stress response may improve through the repetitive process of con-
tinued interval training. Furthermore, ACTH secretion is less in
athletes compared to that in the general population (Duclos and
Tabarin, 2016), possibly because of the decrease in antidiuretic
hormone and lactic acid concentration following regular exercise.

Our study results show that interval training of at least a medium
intensity has a positive effect on blood stress hormones in sprinters.
Meanwhile, the changes in LDH and ACTH had different effects
on the 100-m sprint records between the two groups. Specifically,
the change in ACTH had an effect on the high-intensity group.

In summary, the 8-week interval training significantly changed
the levels of blood fatigue indicators, inflammatory markers, and
stress hormones in sprinters, with no significant difference between
high- and medium-intensity training. It is therefore believed that
a training intensity of >75% of the HRR was above the threshold
that could affect the changes in blood markers and 100-m sprint
records in both groups.
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