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Abstract The purpose of this study is to study the
anaerobic performance response and blood lactate level
following core muscle high-intensity interval training in
male swimmers. All subjects were randomly divided into
two groups: one requested to receive high-intensity interval
training group (n = 10), and a control group received a
swimming training program only (n = 10). The
experimental group performed three days per week of
training for six weeks. Before, after weeks 4 and 6,
anaerobic function responses were tested with a 30-s
maximum cycle test and blood lactate concentration tests
at the fingertip with measurement before and immediately
after the Wingate anaerobic test. The study result showed
significant improvements in anaerobic function response in
the experimental group after week 4 and after week 6. In
addition, the results of the 30-second Wingate anaerobic
test-induced blood lactate levels in experimental groups
were significantly able to control the blood lactate levels.
The conclusions of this study indicate that the experimental
group had better control of anaerobic function and blood
lactate levels than the control group after 6 weeks.
However, the training in this study can be used by coaches
and trainers to plan and guide swimmers in setting goals for
appropriate adaptations.

Keywords  High Intensity Interval Training, Core
Muscle, Blood Lactate, Anaerobic Power, Swimming

1. Introduction

Swimming is accepted by fitness and exercise experts as
an activity that can improve health and skills-related
physical fitness [1]. Swimming involves many different
skills than other sports, such as the ability to float in the
water while lying face down or supine, the use of arms and
legs to support the trunk stabilizers for start jumps, turns,
and continuous propulsion force. Swimming competitions
consist of freestyle, butterfly, and backstroke. In each
swimming stroke, the muscles and bones are combined to
move the arms, legs, upper and lower extremities, creating
pressure on the body affecting the respiratory system, and
having a proportion of anaerobic and aerobic energy used
at different distances. As shown in the pathways of the
aerobic system, anaerobic lactic (glycolysis) and anaerobic
a lactic (CP degradation) are both in short and medium
terms [2, 3]. It can be stated that the 45.7-meter swim has
an energy expenditure in the aerobic system of 15.3%,
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anaerobic lactic of 58.9%, and anaerobic a lactic of 25.8%,
while the 91.4-meter swim has an energy expenditure in the
aerobic system of 33.3%, anaerobic lactic of 47.2% and
anaerobic a lactic of 19.6% and the 182.9-meter swim that
has an energy expenditure in the aerobic sys-tem was
61.5%, the anaerobic lactic was 47.2%, and the anaerobic
a lactic was 13.8%, respectively [4].

The above data shows that swimmers at different
distances use a high amount of anaerobic lactic energy
when comparing the energy used during swimming by the

athletes, which has the characteristics of anaerobic function.

However, anaerobic work is considered important to enable
swimmers to increase the power generated from motor
control in coordination between the nervous system and
muscles, control body balance, reduce resistance to
movement while floating in the water, and control energy
use efficiently throughout the competition at all distances
[5-10]. These are achieved by training swimmers' specific
muscles, supplemented with a high-intensity interval
training (HIIT) pattern to induce physiological adaptations
that can improve swimming performance over distances of
50 to 200 meters more than swimming alone [11-14].
HIIT is very popular today. It is a type of training that is
characterized by short bursts of intense intensity, lasting
only a few seconds or minutes, depending on the intensity
of the training, using submaximal efforts, by stimulating
work at not less than 90% of maximum oxygen
consumption (VO;max) [15], and more than > 75% of
maximum power [16-18]. It is the most effective training
method to improve cardiorespiratory and metabolic
function, which can help improve physiological parameters
and greatly improve swimming performance for swimmers
[19-21]. Previous studies reported that after HIIT, VO,max
was improved by 9.6% and 9.7%, respectively, and peak
power output by 10.3% and 7.4%, respectively [22], and
blood lactate level [23-25]; significantly difference
decreases were observed with appropriate HIIT. This
study’s objective is to investigate the anaerobic
performance response and blood lactate concentration
following core muscle high-intensity interval training.

2. Materials and Methods

2.1. Participants

The study was conducted using 20 volunteer swimmers
who were selected based on the following criteria: having
at least 1 year of competitive experience, having completed
the Personal Activity Readiness Questionnaire (PAR-Q),
and having never participated in the training used in the
study before. Core muscle high-intensity interval training
(CHIIT) was requested in the experimental group, and
control group received only conventional swimming
training. A literature review to obtain sample sizes based
on previous studies [11], using the effect of swimming

speed in the 50-meter distance, was conducted with the G
power V 3.1.9.2 program with a power = 0.8 and an effect
size d = 1.8626. The statistical significance level was set at
0.05. The sample size was 16 subjects, so the sample size
was increased by 20% to prevent dropout. The subjects
were divided into two groups: an experimental group
trained in CHIIT (n = 10) and a control group trained in
conventional swimming (n = 10).

This study was approved by the Human Ethics
Committee of Rajamangala University of Technology Isan
under the guidelines related to the Declaration of Helsinki,
The Belmont Report, CIOMS Guideline, International
Conference on Harmonization in Good Clinical Practice
(No. HEC-01-65-015). The basic characteristics data of
participants are presented in Table 1.

Table 1. Data characteristics of the participant
Variable Experimental group Control group
Age (year) 21.40 +0.84 20.40 +0.70
Body weight (kg) 76.67 +15.47 73.00 +18.49
Height (m) 1.71 +0.05 1.74 +0.05
Fat percent (%) 23.79 +£8.28 21.92 +10.58
Muscle mass (kg) 53.75 +£3.25 51.58 +6.95

2.2. Procedure

In this study, the experimental group was assigned to a
6-week CHIIT in addition to their usual swimming training
program, and the control group performed the training
according to their usual swimming training program. All
participants were informed about the experimental
procedures of this study and signed a written informed
consent before participating in the project. The
experimental and control groups performed the test
before, after 4 weeks, and after 6 weeks, by testing their
anaerobic power with the Wingate anaerobic test (WAnT)
[26, 27], and performing a blood lactate test [28].

2.3. Intervention

CHIT was performed for a total of 18 sessions over 6
weeks (3 times/week, 50 minutes each). The training
procedures used in this study consisted of 6 exercises:
flutter kicks, single leg v-ups, trunk extension, alternating
arm Russian twist, plank to push up, and bird dog. The
training load of the experimental group was determined by
the number of repetitions, sets, rest time between sets, and
rest time between exercises (Table 2), according to the
training guidelines. The control group was assigned to
perform the usual swimming training. The training
procedures were carried under the supervision of the
researcher, including warm-up, muscle stretching, and rest
time between exercises performed to achieve standardized
correct technique and maximum safety for all participants.
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Details of all training procedures are shown in Table 2.

Table 2. Core muscle high-intensity interval training program
Exercises Training load Durations
1. Flutter kicks Week 1 -2
(scissors)

2. Single leg v-ups 15*6*15*30
3. Trunk extension | Repetition (second) *Sets Week 3 - 4
4. Alternating arm | *Rest/sets *Rest/exercise | 20*6*10*45
Russian twist

5. Plank to push up Week 5 - 6
6. Bird dog 30*6*15*30

2.4. Anaerobic Function Test

Anaerobic power test by WANT [27]; referring to Cai et
al. [28], with a Monark work bike (model 864 Monark-
Crescent AB, Varberg, Sweden), has the following steps: 1)
Adjust the seat to the appropriate height for the test subject
and prevent the feet from slipping off the footrest by
tightening the straps before the test. 2) Warm up before the
test. 3) Upon hearing the “start” signal, participants cycled
at maximum speed within 30 s with a constant resistance of
0.075 kg/kg-1. 4) Record the data after the test.

2.5. Blood Lactate Test

Blood lactate testing was performed by measuring
lactate levels at finger strips[28], using an accutrend lactate
portable lactate analyzer, before and immediately after 30
seconds of cycling at maximum speed (WAnNT).

2.6. Statistical Analysis

All data are presented as mean =standard deviation. The
data of the participants were tested for normality using the
Shapiro-Wilk test, and the two-way ANOVA with repeated
measures analysis of variance of both groups was used to
examine the differences between before, after 4 weeks, and
after 6 weeks, with a statistical significance level of 0.05.

Blood Lactate Level and Anaerobic Function Response to Core Muscle High Intensity Interval Training

3. Results

3.1. Anaerobic Function

The group xtime interaction data of anaerobic power
capacity were measured by the WANT, and the data are
presented in Table 3. The anaerobic function in the
experimental group after 6 weeks (485.30 344.24 watts; p
< 0.001) was significantly increased from before (440.30 +
73.85 watts) and after 6 weeks (485.30 444.24 watts; p <
0.048) was significantly increased from 4 weeks (453.30 +
50.93 watts). In the control group, no significant difference
was found after 4 weeks (473.20 +57.33 watts) and 6
weeks (474.10 =+ 46.34 watts), and no significant
difference was found when comparing the experimental
and control groups (Figure 1).

3.2. Blood Lactate

Blood lactate level is shown in Table 3. Lactate level
measurement was performed before and immediately after
cycling work at maximum speed for 30 seconds (WANT),
and there was a group X time interaction. In the
experimental group, the blood lactate level before the Pre-
WAt test was significantly decreased after 4 weeks (2.40
+1.43mmol/L; p = 0.008) and 6 weeks (2.76%1.06 mmol/
L; p = 0.013) from before (4.75 = 2.26 mmol/L). The
blood lactate level after cycling work at maximum speed
for 30 seconds immediately (Post-test blood lactate level)
was significantly increased after 6 weeks (11.53 +2.93
mmol/L; p = 0.048) from 4 weeks (8.20 24.07 mmol/L).
In the control group, it was found that before the Pre-Want
test (5.01 +1.49 mmol/L) and after 4 weeks, (3.73 £2.62
mmol/L) and after 6 weeks (3.98 +2.09 mmol/L) there
were no significantly differences. Immediately measured
after the Post-Want test, it was found that after 6 weeks
(12.66 = 3.28 mmol/L; p = 0.014), the value was
significantly increased from before (9.64 +2.92 mmol/L)
and after 6 weeks (12.66 +3.28 mmol/L; p = 0.046), the
value was significantly increased from 4 weeks (9.75 +
3.00 mmol/L), and when compared between groups, no
significant differences were found after 4 weeks and 6
weeks (Figure 2).

Table 3. Core muscle high-intensity interval training program

Variable Experimental group (n = 10) Control group (n = 10)

Before 4 Weeks 6 Weeks Before 4 Weeks 6 Weeks
Anaerobic function
Average power (watts) ~ 440.30£73.85  453.30+50.93  485.30#44.24"™  440.60495.13 473.20457.33 474.10146.34
Blood lactate level
Pre-WAnt (mmol/L) 4.7532.26 2.40+1.43" 2.761.06" 5.01+.49 3.73%2.62 3.9842.09
Post-WAnNt (mmol/L) 10.3544.21 8.2044.07 11.5342.93™ 9.64+2.92 9.75%3.00 12.66+43.28"™

Note: Statistical significant was found: from before, *p < 0.05; from week 4, **p < 0.05; between groups, Tp < 0.05.
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Figure 1. Significant group x time interactions in anaerobic function response are presented in the experimental (EG) and control groups (CG). There
was a statistical significance: from before, *p < 0.05; from week 4, **p < 0.05; between groups, Tp < 0.05
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4. Discussion

This study was conducted to investigate the anaerobic
work response and blood lactate concentration levels of
CHIIT before, after 4 weeks, and 6 weeks. The male
swimmers in the experimental group were supplemented
with training in addition to their usual swimming training
program. All participants were measured for their
anaerobic power capacity by the WANT [27], referring to
[29], and their fingertip blood lactate concentration levels
[28], before and immediately after 30 s of maximal cycling
work. The training procedure used in this study used six
core muscle exercises, performed with the number of reps,
sets, rest time between sets, and rest time between exercises
(Table 2) according to the training guideline. HIIT has been
developed to be suitable for swimmers [10, 11, 27], to help
the main muscles used in swimming improve their
physiological responses, especially anaerobic work and
blood lactate concentration levels during competition,
which are important for swimmers. Therefore, future
research should focus on incorporating these training
methods into the regular training program plan to improve
and enhance swimming performance.

4.1. Anaerobic Function

The HIIT in this study used core muscle training
exercises specifically for swimmers [10, 11, 27] using a
high-intensity interval training pattern. The results showed
that the experimental group had a statistically significant
increase in anaerobic work response after 6 weeks,
indicating a greater efficiency in anaerobic capacity
compared to the control group, which did not have a
statistically significant increase. It was also found that after
6 weeks, there was no significant difference between the
experimental and control groups, which is consistent with
the current study data report, which found that the peak
power output and average power output after HIIT on land
swimming were not different between the experimental and
control groups [13]. However, the results showed that the
CHIT significantly improved the performance of the
experimental group. It is possible that the core muscle
training using HIIT in weeks 5 and 6, performing 6 sets of
30 seconds of HIIT, resting 15 seconds between sets and 30
seconds between exercises, resulting in more than 75% of
maximum power or using an intensity of 85-95% of
maximum heart rate [16-18], can improve the properties of
the core muscles, contraction duration, extensibility,
elasticity, and peak power output in the experimental group
that were 10.3% higher than the control group by 7.4% [19-
22], [27].

From the current study data, it was reported that the
group that received HIIT was more effective in stimulating
anaerobic capacity adaptations than the control group that
did normal swimming training [13]. However,
appropriately enhancing core muscle stability and choosing

Blood Lactate Level and Anaerobic Function Response to Core Muscle High Intensity Interval Training

training methods that are consistent with real competition
can help swimmers improve anaerobic energy expenditure
[10-12], [30], as well as increase the force generated by
motor control in the coordination between the nervous
system and muscles to control body balance, and can
efficiently control the anaerobic energy response [5-10].

4.2. Blood Lactate Level

From the results of the study, it can be seen that the blood
lactate concentration level in the experimental group that
received CHIIT having a blood lactate concentration level
measured before the Pre-WAnt test, found that at weeks 4
(~ 2.4 mmol/L) and 6 (~ 2.8 mmol/L) there were different
from before (~ 4.8 mmol), with an average decrease of ~ 2
mmol/L; and measured immediately after the Post-WAnNt
test, it was found that week 6 (~ 11.5 mmol/L) was
significantly different from week 4 (~ 8.2 mmol/L), with
an average increase of ~ 2.2 mmol/L. In the control group,
the blood lactate levels measured before the Pre-WAnt test,
before, after week 4, and after week 6 were in the range of
3.7 - 5.0 mmol/L, not different from each other; and
measured immediately after the Post-WAnt test at week 6
(~ 12.7 mmol/L), it was significantly different from before
(~ 9.6 mmol/L) and week 4 (~ 9.8 mmol/L), with an
average increase of ~ 3.1 mmol/L. Although the blood
lactate levels between the experimental and control groups
were not different in both the pre-WAnt and post-Want
periods, when compared with the results of both groups
from this study, it was found that 6 weeks of HIIT of the
core muscles could respond to and control the stress
induced by the 30-second maximum speed cycling test
better than the swimming program alone. This can be seen
from the blood lactate levels measured immediately after
the Post-WAnNt test in the experimental group increased by
an average of only ~ 2.2 mmol/L, while the control group
increased by an average of ~ 3.1 mmol/L.

Previous studies have reported that a comparison of
modality to interval training with full-speed running can
improve maximal oxygen consumption (VVo.max) by 9.6%
and 9.7% and reduce blood lactate recovery better than
HIIT with low volume [22, 31]. Blood lactate level is a
result of physiological stress response during training [32],
which depends on the intensity of each training modality.
It has been reported that if training is at a lower intensity
than in real competition, the response of various systems in
the body, will be too much work, especially muscles, and
the cardiovascular system cannot with-stand the resistance
from the speed of muscle contraction to make the
swimming time de-crease, which may cause the body to
lack oxygen for a long time, causing the accumulation of
lactate levels in the blood to rise rapidly [33, 34, 15]. On
the contrary, if athletes receive HIIT appropriately, it will
be able to improve cognitive efficiency and control blood
lactate levels, which are important for swimmers as well
[35-37].
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5. Conclusions

The results of this study demonstrate that the application
of a swimmer-specific core training modality combined
with a HIIT regimen over a 6-week period indicated that
each component of the training session, with appropriate

weekly

increases in intensity, resulted in greater

improvements in anaerobic performance and blood lactate
level in swimmers on a 30-s maximal cycling test than a
traditional swimming training modality. Thus, the training
modality used in this study can be used by coaches and
fitness coaches to plan and guide the development of
appropriate adaptations for their swimmers.
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