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DURMUS SAMET KOSEMEN, OZLEM KAYABEY, KADIR BABAOGLU, OKAN TUGRAL, DENIZ DEMIRCI

EFFECT OF HIGH INTENSITY INTERVAL TRAINING ON HERRT
FUNCTIONS AND EFFORT CAPACITIES OF CHILD ATHLETES

ABSTRACT

The purpose of this study was to determine the effect of intense interval trai-
ning on heart functions and effort capacities of child athletes. Adolescent (n: 19)
footballers who play in different football clubs, whose age average is 16.8+1.2 year
and also whose ages vary between 15 and 18 year participated in this study. The
footballers were given a pyramidal load training with the maximal running dis-
tances of 250 meters (m) -400 m-650 m-950 m with 60% -70% -80% load intensity
for 8 weeks, 3 days a week, 1 hour per day. Participator athletes were assessed by
electrocardiography (ECG), echocardiography, and effort test before and after the
exercises. Paired sample t-test was utilized to comparatively evaluate the pretest
and posttest results in statistical analyses. Left ventricular mass (LV mass), left
ventricular mass index (LV mass index), V6 derivation R wave are significantly
different in the posttest (p<0.05). There is a statistically significant difference in
heart rate and diastolic blood pressure values at rest (p<0.05). Duration of exerci-
ses significantly increased in the effort test (respectively 17.2+2.9; 19.6+2 minutes;
p<0.001). There also was observed a significant difference in metabolic equality
values (MET) (respectively 20.4+3.1; 22.2+2.5; p<0.01). There was found a signifi-
cant difference in heart functions and effort capacity in child athletes at the end of
intense interval training. Performance was enhanced even with 1 hour of training
for 3 days a week.

Keywords: Heart, Intensive Interval Training, Left Ventricular Mass Index.

e

SPORCU COCUKLARDA YOGUN ARALIKLI YUKLENMELERIN KALP
FONKSIYONLARI VE EFOR KAPASITELERI UZERINE ETKiSi

0z:

Calismanin amact sporcu ¢ocuklarda yogun aralikli yiiklenmelerin kalp
fonksiyonlar1 ve efor kapasitesi lizerine etkisini belirlemektir. Cesitli futbol
kuliiplerinde oynayan, yas ortalamalar1 16.8+1,2 yil olup yaslar1 15-18 yil arasinda
degisen 19 adolesan futbolcu ¢aligmaya dahil edildi. Futbolculara 8 hafta, haftanin
3 glinii glinde 1 saat olacak sekilde yiiklenme antrenmani 250 metre(m)-400 m-650
m-950 m kosu mesafelerinin maksimalleri ile %60-%70-%80 yiiklenme siddeti ile
piramidal olarak yaptirildi. Antrenmanlara katilan sporcular egzersiz dncesi ve
sonrasl elektrokardiyografi (EKG), ekokardiyografi ve efor testi ile degerlendirildi.
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Istatistiksel analizlerde &n test ve son test sonuglarinin karsilastirmali olarak
degerlendirilmesinde bagimli 6rneklem t testi kullanildi. Sol ventrikiiler kitle (LV
mass), sol ventrikiiler kitle indexi (LV mass index), V6 derivasyonu R dalgas, son
testte anlamli farkl bulundu (p<0,05). Istirahatteki kalp hizi ve diyastolik kan ba-
sinc1 degerlerinde istatistiksel olarak anlamli farklilik vardi. (p<0,05). Efor testin-
de ise egzersiz siiresi son testte anlamli olarak artmis bulundu (sirasiyla 17.2+2.9,
19.6+2 dakika; p<0,001). Metabolik esitlik (MET) degerlerinde de son testte an-
lamli farklilik saptandi. (Sirasiyla 20,4+3,1; 22,2+2.5; p<0,01). Sporcu ¢ocuklarda
yogun aralikli antrenmanlar sonucunda kalp fonksiyonlar1 ve efor kapasitesinde
anlamli farklilik bulunmus olup haftada 3 giin, giinde 1 saatlik antrenmanlarla bile
performansi arttirdigi gosterilmistir.

Anahtar Kelimeler: Yogun Aralikl Yiiklenme, Sol Ventrikiil Kitle Indeksi, Kalp.

ik

INTRODUCTION

Sports activities are systematic works as well as important for physical develop-
ment and basic skills. Training is all of the exercises which provide functional and
morphological changes in an organism and are applied in specific periods to incre-
ase the athlete’s form. It also is the sum of changes arising from adapting to the tra-
ining and repeating the exercises systematically. Physical training is only beneficial
as long as it forces the body to adapt to high loads. There will occur no adaptation if
the training is insufficient to create any change in the body (Bompa, 2003). Ceylan
etal. (2016) stated that the trainings and the sports year were effective.

Training that is performed to improve physical development and basic skills are
classified as high-intensity short duration and low-intensity long duration based
on training intensity. Interval training that includes high-intensity low duration
exercises from these training models accelerates metabolism more than other
types of training; training intensity increases and decreases in this model and it
also is directly associated with heart rate control and applied by changing work and
rest or high and low load circuit (ACSM., 1980). Kumak et al. (2021), internal and
external load responses may cause different heart rates. It is stated that there is a
correlation between RPE and maximum HR, average HR and workload (Bozdogan
et al., 2016). It can be mentioned that the interval resistance method can be used
to reorganize aerobic and anaerobic capacity; namely, heart enlargement and car-
bohydrate metabolism. Since this method is not a routinized training program, the
sporter is not bored during exercises; he swiftly burns fat; his metabolism works
fast after exercises; his resistance and condition increase at the same time. This
method has positive impacts on sedentary such as increasing muscle mass and
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strengthening the heart and also the parameters such as health and performance
when it is regularly applied (Giinay et al., 2000; Baydil 2005; Nakaahara et al.,
2014). Kirisci et al., (2020) when comparison of physiological outputs of different
maximum aerobic speed determination tests, they found differences in blood lac-
tate, Maxvo2 and maximum aerobic tests.

It is known that regularly performed proper training is beneficial for athletes
or sedentaries in terms of heart health. Training provides enlargement in veins to
the heart; helps the heart nourish better. Training also decreases the amount of
LDL, often referred to as “bad” cholesterol causing vascular occlusion; increases
high-density lipoprotein (HDL) to protect vessels. Again, training is effective on
obesity; beneficial to regulate the blood sugar for diabetic patients, and it also re-
duces the blood pressure in patients with high blood pressure (Marwa et al., 2018).

It is accepted that high-intensity interval training (HIIT) provides important
advantages in many parameters such as VO2max, recovery time, running distance
and increase in repeated sprint capacity (Kose & Atli, 2020). This study aimed to
determine the effect of the high-intensity interval training model on cardiac pa-
rameters (ECO, EKG) and effort capacity in adolescent football players.

It is thought that HIIT is a viable method for the development of some perfor-
mance parameters of football players at different levels in less time.

METHODS

19 male licensed football players voluntarily participated in this study (age
average is 16.83+1.29 years, training age is 3.3%1.5 years, bodyweight is 66.07+8.84
kg). Height measurements were made with a pharmaceutical-type height measur-
ing device with bare feet and only shorts on them. Body weights were recorded
with a sensitivity of 100 gr. using the Felix brand FL598 digital glass weighing ma-
chine. Moreover, athletes performed an intensive interval training program for 1
hour a day, 3 days a week, and totally for 8 weeks. Training intensity was specified
as 220 based on the age formula; training intensity was specified based on the pulse
that was measured within 10-15 seconds after the end of each repetition. ECG,
Echocardiography, and Effort tests were applied for child athletes before training
and also after 8-weeks of training; their pretest and posttest measurement values
were recorded.

Participants signed an informed consent form after KU GOKAEK 2017/53
numbered ethics committee approval was received from Kocaeli University Hu-
man Researches Ethics Committee. This study has been supported by Kocaeli Uni-
versity Scientific Research Unit (SRU).
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Data Collection

Training Method

Intensive Interval Training Method

Intense: 80-90%

Rest Between Sets: 2-4 minutes productive rest
Ist Day

4*2 minutes (intensity 80-90%, rest between sets 4 minutes productive rest,
training after sets was performed after 120 pulses)

2nd Day

6*120 meters (intensity 80-90% rest between sets 4 minutes productive rest;
training after sets was performed after 120 pulses)

3rd Day

12*40 meters (5 minutes rest between sets, intensity 80-90% 30 seconds within
a set every 40 meters, training after sets was performed after 120 pulses).

o 4*40 meters 1st set (40 meter-40 meter- 40 meter- 40 meter)
o 4*40 meters 2nd set (40 meter-40 meter- 40 meter- 40 meter)

o 4*40 meters 3rd set (40 meter-40 meter- 40 meter- 40 meter)

Electrocardiography

12-channel electrocardiography recordings of the athletes were obtained using
the Cardiofax M-ECG 1350K (Nikon Kohden Corporation, Japan) device. QRS
axis, QRS (ms), QTC (ms), PR (ms), V1, V2, V3, V4, V5, V6 derivations, ST-T
wave variability parameters were measured; V6 derivation R wavelength was taken
into account. Athletes’ resting pulse was measured by electrocardiography device;
all the ECG records were evaluated as single-blind by the same pediatric cardiolo-
gist without mentioning the names of participators.

Effort test

Symptom-limited maximal exercise test in Norav 1200 brand effort instrument
Bruce protocol integrated with computer and ECG system was applied to athletes
in effort test unit in the cardiology polyclinic. Blood pressure, during the effort test,
was automatically measured 6 times with the electronic blood pressure meter on
the left arm effort test device in a sitting position after 5 minutes of rest and every 3
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minutes at stage 1 (2.7 km/h, 10% elevation), stage 2 (4 km/h, 12% elevation), stage
3 (5.4 km/h, 14% elevation) and also the 3rd and 5th minutes of the recovery phase.
Moreover, heart rate and double product (heart rate x systolic blood pressure) were
automatically measured with the ECG system on the device. Effort test was ac-
cepted as maximal when it is reached 85% of the target heart rate that is computed
based on a 220-age formula; effort test was accepted as submaximal when it is
reached 70%-85% of the target heart rate. However, the participators continued
to run to the point where they were exhausted and the test was terminated when
they were exhausted. The last stage that the participators could complete was ac-
cepted as peak exercise. The formula (Running Speed 26.8, Horizontal Component
(HC)= Speed 0.1, Vertical Component (VC)= Speed 1.8Slope, Oxygen Consumpti-
on (VOZ): HC+VC+3,5 ml/kg/min, Metabolic Threshold Value (MET)= VO,/3,5)
that machine automatically determines to measure the metabolic threshold value
was utilized. Measuring systolic blood pressure above 214 mmHg during exercise
was evaluated as excessive blood pressure response in line with the information
obtained from the 2002 update of the exercise stress test manual published by the
American College of Cardiology / American Heart Association (ACC / AHA) in
1997.

Analysis of Data
?SPSS for Windows Version 22.00 program” evaluated data; significance level

was accepted as p<0.05 by using paired sample t-test in comparatively evaluating
pretest and posttest results.

RESULTS

Table 1. Athletes’ age and training age, mean, standard deviation, highest and
lowest values

Participants Min Max Mean sd
Age (year) 14.6 18.8 16.8 1.2
Training age (year) 2.2 6.5 3.3 1.5

As is seen in Table 1, athletes’ age average is 16.8+1.2 years; their training age
was measured as 3.3+1.5 years.
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Table 2. Weight (kg), ef (%), resting pulse (min), Iv mass (gr), lv mass index-
(gr/m?), v6 r(mm), systolic blood pressure (mmhg) and diastolic blood pressure
(mmbhg) mean, standard deviation and p values of athletes

Participants Pretest Mean+ sd ~ Posttest Mean+ sd P
Weight(kg) 66.07+8.84 65.76+8.58 0.250
Resting Heart Rate(min) 70.36+11.52 64.89+10.12 0.450
Left Ventricular Mass(gr) 171.76+30.71 192.68+40.66 0.001
Left Ventricular Mass Index (gr/ m?) 38.01+7.38 42.50+8.46 0.001
Ejection Fraction (EF) (%) 65.68+4.37 67.21+4.44 0.285
V6 derivation R (mm) 11.84+2.91 13.26£3.52 0.001
Systolic Blood Pressure mmHg 114.47+14.38 111.05+12.20 0.590
Diastolic Blood Pressure mmHg 69.47+10.54 59.47+5.88 <0.001

As is seen in Table 2, it is observed when pretest, posttest Weight(kg), EF (%),
and Systolic Blood Pressure measurement values are compared that there is a sig-
nificant difference (p>0.05). On the other hand, there is seen a significant differ-
ence at p<0.05 level when Resting Pulse(min), LV Mass(gr), LV Mass Index(gr/
m?), V6 R(mm), and Diastolic Blood Pressure (mmHg) measurement values are
compared (Table 2).

Table 3. Pretest and posttest significance levels belong to athletes who partici-
pated in effort test

Participants Pretest Mean+ sd  Posttest Mean+ sd P
Maximum (KAH) 187.89+7.28 187.78+6.45 0.953
Ist min Recovery (KAH) 146.89+15.74 142.00+13.92 0.295
2nd min Regeneration (KAH) 125.11+14.11 124.95+11.65 0.862
3rd min Regeneration (KAH) 114.79+11.80 113.53+9.46 0.619
Duration of Exercise (min) 17.26+£2.92 19.68+2.02 0.001
Metabolic Threshold Value (MET) 20.45+3.16 22.22+2.56 0.011

As is seen in Table 3, there is no significant difference in pretest-posttest max-
imum pulse rate with 1st min, 2nd min, and 3rd min regeneration pulse rate (PR)
measurement values (p>0.05); on the other hand, there is a statistically significant
difference in pretest-posttest exercise time (min) measurement values and meta-
bolic threshold value (MET) measurements (p<0.05) (Table 3).
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DISCUSSION

This study scrutinized the effect of high-intensity interval training lasting 3
days a week for 8 weeks on heart functions and effort capacities of child athletes
whose age average is 15-18 years. There is significant difference in Resting Pulse
(min), Diastolic blood pressure, LV mass gr., LV mass index (g/m?), Duration of
Exercises (min), Metabolic Threshold Value (MET), V6 R mm values. On the other
hand, there is no significant difference in Body Weight (gr.), Maximum (KAH), Ist
regeneration (KAH), 2nd regeneration (KAH), 3rd regeneration (KAH), Systolic
Blood Pressure mmHg, and EF % rates.

High-intensity training brings along new and positive gains for sedentaries and
sporters in terms of positive adaptation, health, and performance. It is emphasized
in several studies that endurance training is effective on body composition; more-
over, endurance training decreases body weight, body fat percentage, body mass
index as well as causes increases in body density and fat-free mass. In addition to
all these, endurance training is pretty effective on both team sports and individual
sports; with reference to clinical studies, it prevents many cases and events related
to chronic diseases and has beneficial effects on the quality of life of patients (Patlar
et al. 2003; Gokdemir et al. 2007; Revan et al.2008; Trapp et al. 2008).

Yiiksel et al. (2007) conducted continuous running and interval running trai-
ning 3 days a week for 8 weeks. They mentioned that there is no significant diffe-
rence in body weight values of the interval training group; however, there is a sig-
nificant difference in body weight values of the group who performed continuous
running. Similarly, Berger et al., (2006) organized continuous and high-intensity
interval training for 3-4 days a week for 6 weeks; they did not find a significant
difference in athletes’ body weight. According to their findings, participators’ bod-
yweight decreases while weight loss due to training is insignificant. Interval trai-
ning does not cause huge changes in terms of body weight while it brings along
decreases in body fat ratio at the same time (Serkan et al., 2008, Cardenosa et al.,
2016).

Matsuo et al,, (2014) conducted interval training for sedentary adults for 3 days
a week lasting 8 weeks; for findings, resting pulse significantly decreases. Hatle et
al,, (2014) organized high-intensity training for 21 university students and mentio-
ned that students’ heart rate significantly decreases. Currie et al., (2013) conducted
a study for 8 coronary artery patients dividing them into two as the control and
training group. They highlighted that the resting pulse of the group who perfor-
med 12-weeks high-intensity interval training significantly decreased. This paper
reveals that child athletes’ resting pulse rate decreases after 8-weeks of training;
there also is a significant difference in resting pulse levels. It can be thought that
this related decrease might be seen based on the increase in heartbeat volume.
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Moreover, just as adults, high-intensity interval training decreases resting pulse
rate and it also has advantages not only for healthy individuals but also the patients
(Mohr et al. 2014, Huang et al. 2014).

There might be seen a significant increase in heart measurements of people
who are continuously exposed to stress compared to sedentaries. This situation
that especially occurs in endurance sporters by ventricular wall thickening and
enlargement of the ventricular cavity is known as cardiac hypertrophy (Cantwell
and Doller 2000; Hazar and Kog 2003). Regarding literature, Matsuo et al. (2014)
applied high-intensity interval training for 3 days a week lasting 8 weeks in total for
healthy sedentary males. According to their results, this training method increases
LV mass and left ventricular mass indexes (LV mass index g/m?) while EF% (Beat
Fraction) ratio decreases. Nakahara et al. (2014) organized 1 session per week for
8 weeks of intense interval training for 14 healthy men. For findings, participators’
LV indexes significantly increased after the training; EF% ratio also increased but
it was insignificant. Esfandiari et al., (2013) made research with the participation
of 16 males who have not performed training before. They mentioned at the end
of the 12-weeks interval training program that participators’ LV mass and LV mass
indexes increased; moreover, there also was seen an insignificant increase in par-
ticipators’ EF% ratios.

Sharf et al. (2015) organized 3-days and 16-weeks intense interval training for
42 males who have not performed exercises before. According to their study re-
sults, LV mass index increased after training while the increase that occurred in
EF% ratios after exercises were insignificant. This paper reveals that high-intensity
interval training increases the left ventricular mass (LV mass g) of athletes as well
as left ventricular mass index, which is an indicator of left ventricular hypertrop-
hy. Moreover, we also observed an insignificant increase in the EF% ratio that is
an indicator of how much of the blood that comes to the heart is pumped at each
heartbeat and how well the heart contracts with each heartbeat. It is seen when the
results are analyzed that modified interval training affects left ventricular hypert-
rophy, which is defined as cardiac morphological adaptation in athletes, increase in
cardiorespiratory functions during exercise and exercise performance.

Changes in V5-V6 derivations from Echocardiographic (ECG) findings based
on training are accepted as the presence of cardiac hypertrophy in athletes. Hazar
and Kog (2003) conducted a study and highlighted that there was an increase in
wrestlers’ V5-V6 derivation and R values; left ventricular hypertrophy was ween
in wrestlers based on pretty high left ventricular electrical force. Similarly, Sevimli
and Kogyigit (2009) made research with the participation of 76 children who per-
formed endurance training for 60 minutes, 3 days a week for 8 weeks. According
to their findings, child athletes have a significant difference in V6 derivation and
wavelength compared to children who do not play sports. ECG measurements and
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Rwavelength in V6 derivations of sporters were recorded in our study; it was also
found that Rwavelength grew longer after exercises. In conclusion, it is thought
that intense interval training causes increases in left ventricular muscle mass in
child athletes.

Regarding sources, systolic blood pressure increases by the decrease in perip-
heral resistance during aerobic exercises; this increase is rooted in the increase in
heart rate volume. Systolic blood pressure increases during static exercises as well;
however, its mechanism is different from aerobic exercises. Systolic blood pressure
and peripheral resistance increase are responsible for such exercises. Systolic blood
pressure decreases a little or does not change during resistance exercises (Baydil,
2005). Diastolic blood pressure may decrease a little or remain stable by the decre-
ase in peripheral resistance during aerobic exercises while it (diastolic blood pres-
sure) increases in static exercises. Again, diastolic blood pressure may increase or
decrease a little or does not change during resistance exercises (Hauser,2003)

Buchan et al,, (2012) organized high-intensity training for a total of 7 weeks, 3
days a week for 41 Scottish adolescents. For their findings, participators’ systolic
and diastolic blood pressure decreased after exercises while there was no signifi-
cant difference. Kouba et al., (2013) researched 29 obese adolescents and mentio-
ned that intense interval training caused a decrease in systolic and diastolic blood
pressures of obese adolescents. Lawal and Kankanala (2010) surveyed Nigerian
adolescents and expressed that intense interval training for 3 days a week for 6
weeks in total caused an insignificant decrease in systolic and diastolic blood pres-
sure. Tjonna et al., (2013) organized intense interval training for 3 days a week for
10 weeks for 28 healthy men who have not performed exercises before. According
to their findings, systolic and diastolic blood pressure decreased after exercises and
there was a significant difference in diastolic blood pressure drop. This paper, too,
reveals that the systolic and diastolic blood pressure of sporters decreases after tra-
ining, and only the decrease in diastolic blood pressure was found to be significant.
In other words, this finding shows that related training methods have an effect that
decreases systolic and diastolic blood pressure of child athletes.

ECG and Echocardiographic measurements of child athletes were recorded be-
fore and after training; they were applied effort tests to see the effects of training.
Moreover, their heart rate variability, heart rate regenerations, exercise duration,
and MET capacity values were also measured. There was found no difference in
effort test maximum heart rate and effort test 1 minute, 2 minutes, and 3 minutes
recovery heart rate of sporters. However, a significant difference was observed in
effort test duration and metabolic threshold values. Much as there were no signi-
ficant changes in the maximum heart rate of sporters, increases in metabolic th-
reshold value level can be accepted as an indicator of increases in effort capacities.
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Finally, it can be pointed out that intense interval training for 3 days a week for
8 weeks increases cardiac parameters in child athletes; again, this training method
improves the values such as heart rate in effort test, duration of exercise, heart
rate recovery level and MET level. The high-intensity interval training technique
is accepted as one of the most effective training methods that developed the cardi-
ovascular system, metabolic functions, and thus physical performance of athletes.

SUGGESTIONS

We found significant difference in Resting Pulse (min), Diastolic blood pres-
sure, LV mass gr, LV mass index (g/m?), Exercise Time (min), Metabolic Threshold
Value (MET), V6 R mm values of child athletes.

There was not any significant difference in Body Weight, Maximum (HR), 1st
min Recovery (HR), 2nd min Recovery (HR), 3rd min Recovery (HR), Systolic
Blood Pressure mmHg, and EF% ratios.

« The positive effect of this training method on cardiac functions of 15-18 years
old athletes positively contributes to the sportive success of sporters who will
compete in individual and team sports.

o Determination of effects of intense interval training on heart, circulatory and
respiratory parameters of athletes in different sports branches can bring along
advantages for coaches and sporters in terms of sport-specific training met-
hods.

» Implementation of intensive interval training with determined load intensity
may create positive results for patients with hypertension and regulating sys-
tolic and diastolic blood pressure.

« Based on the data obtained from athletes and healthy individuals, it may be
recommended to prescribe intensive intermittent exercise to obese individu-
als to obtain positive results in the targeted treatment process.
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