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Does protein adding to diet affect sportsmen's cardiovascular system?
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Diyete protein eklenmesi sporcularin kardiyovaskiler sistemini etkiler mi?
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Abstract

Purpose: Arrhythmias are reproached for most of the
sudden cardiac deaths in professional athletes. Also,
performance-enhancing dietary supplements have been
blamed in recent years. In this study, we aimed to
investigate the effect of protein supplements (PS) on
regular training athletes.

Materials and Methods: 70 male sportsmen (30.0 £ 7.3
year) who regularly train in the gym, were included in the
study; 35 used approximately 40 grams of PS daily, while
the other half regularly trained without additional PS. All
participants underwent ECG, exercise test and results were
evaluated by two independent cardiologists.

Results: There were no differences between two groups
in terms of age, smoking and alcohol use, body mass index,
baseline ECG results, effort capacity, heart rate, and blood
pressure values. Correlation analyses showed a negative
correlation between the age and maximum HR in an effort
test.

Conclusion: This study showed that using PS in certain
does not have any effect on ECG findings, heart rate at
both rest and during exercise, effort capacity evaluated by
a treadmill test, and blood pressure values of sportsmen.
Keywords:. Sportsmen, electrocardiography, exercise test,
protein

INTRODUCTION

More than 100 vyears ago, Swedish clinician,
Henschen concluded that heart enlargement in
athletes could be normal when he was performed
physical examinations on country skiers!. Since then,
technological advancement, echocardiography, and
cardiac MR imaging have provided more clues to the
athlete's heart, and consensus reports have been
published which interpreted both

Oz
Amag: Profesyonel sporcularda aritmiler, ani kardiyak
Slimlerin  ¢ogundan sorumlu  tutulmaktadir.  Ayni

zamanda, performanst artiran diyet takviyeleri de son
yillarda  suclanmaktadir.  Bu  calismada,  protein
takviyelerinin  (PT) dizenli antreman yapan sporcular
tzerindeki etkisini arastirmayr amacladik.

Gereg ve Yontem: Diizenli olarak antrenman yapan 70
(30.0 = 7.3 yil) erkek sporcu ¢alismaya dahil edildi; 35
sporcu giinde yaklagik 40 gram PT kullanan, diger yaris1 PT
kullanmadan egzersiz yapanlardi. Tim katilimctlara EKG
cekildi, efor testi yapildi ve sonuglart iki bagimsiz
kardiyolog tarafindan degerlendirildi.

Bulgular: iki grup arasinda yas, sigara ve alkol kullanimu,
vicut kitle indeksi, baslangic EKG sonuglari, efor
kapasitesi, kalp attm hiz1 ve kan basinct degerleri agisindan
fark yoktu. Korelasyon analizinde, yas ile efordaki en
yuksek kalp hiz1 arasinda negative korelasyon goriildii.
Sonug: Bu calisma, sporcularin protein tozlarini belirli
dozlarda kullandiklarinda, kalp atis hizi, hem dinlenme
hem egzersiz esnasindaki EKG bulgulari, kan basinct ve
egzersiz  kapasitesi tzerinde hi¢  bir etkiye sahip
olmadiklarini géstermistir.

Anahtar kelimeler: Spocular, elektrokardiyografi, efor
testi, protein

electrocardiographic and echocardiographic changes
between normal individuals and athletes23:45,

Sudden cardiac death (SCD) is the most common
cause of death in athletes, and its estimated incidence
varies greatly from 1 in 40,000 to 1 in 80,000,
depending on the population®. A 12-lead ECG, 2-D
echocardiography and treadmill tests are the main
screening and diagnostic tools for the prediction of
SCD and cardiovascular evaluation of the athletes®7:8,
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It is known that cardiac hypertrophy, valvular heart
disease, coronary artery disease, and atrhythmic
disorders are responsible for sudden cardiac death in
the professional sportsmen. Also, performance-
enhancing dietary supplements have been blamed in
recent years since some case reports declared that
such supplements have cardiovascular adverse
effects®10.11,

In recent years, the number of people going to the
gym has increased for being healthier and to look
better. These products attract athletes because they
ensure muscle development rapidly 12 The
prevalence of dietary supplement consumption
ranges from 48% to 81% among of athletes
wortldwide, these supplements included
catbohydrates,  proteins, and amino acids
components, anabolic steroids, carnitine, caffeine,
creatine, glutamine, nitric oxide, prohormones,
yohimbine and reserpine!3.

The effect of PS on athlete's cardiovascular system is
controversial. We could not find large-scale studies
investigating whether there is any change in the
cardiovascular system of athletes who use PS and
those who did not. We think that there will be a study
demonstrate the effects of protein powders and
contributing to the literature. Newly, this study aimed
to investigate the cardiovascular effects of protein
supplements (PS) on sportsmen who regularly train
at the gym, by using ECG and treadmill test.

MATERIALS AND METHODS

Ethics committee approval (decision no: 2019/67-
744, date: 28.03.2019) was obtained from the Non-
Interventional Clinical Research Ethics Committee
of Near East University Faculty of Medicine before
the initation of study. Written and verbal consents
were obtained from all participants. Declaration of
Helsinki's was followed in the application of the
ethical rules of the study.

Sample

A total of 70 male sportsmen who trained regularly at
the gym were included in the study. All of the
sportsmen regularly trained at the gym for at least 3
days a week and were performing both isometric and
isotonic exercises for 1 to 2 hours per day. The
duration of the exercise ranged from 6 months to 16
years. They were divided into 2 groups; the first
group consisted of the ones who used PS and the
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second group included sportsmen who never used
PS. To evaluate doses and type of PS use, the dietary
habits were questioned by an experienced
nutritionist. While some of the athletes used one type
of protein, some of them used 2 or 3 different types
of PS (ie. whey protein mixes, branched-chain amino
acids (BCCA) based supplements, glutamine,
creatine, arginine). The amount of PS consumed was
an average of 30-40 grams of protein per day.

ECG and treadmill test data of both PS users and
non-PS users were collected and the two groups were
compared in terms of baseline ECG findings, heart
rate, exercise capacity, systolic, and diastolic blood
pressure.

Only male sportsmen and who had been going to the
gym regulatly for at least 6 months were included in
the study. Four sportsmen who did not sign the
voluntary consent form to participate in the study
were not included in the study. Patients with known
hypertension, diabetes mellitus, coronary artery
disease, cancer, ventricular arrhythmia, T wave
inversion in contiguous leads, and complete right
bundle branch block (RBBB) or left bundle branch
block (LBBB) on ECG were excluded from the
study.

Measures
Electrocardiography

All sportsmen received a 12-lead ECG in the supine
position after resting for at least 15 minutes (GE
Marquette Mac 1200). Each ECG was interpreted by
two different cardiologists independently and
according to the "International consensus statement”
14, The PR interval was defined the time from the
onset of the P wave to the start of the QRS complex.
QRS duration was reffered the time interval from the
onset to the end of the QRS complex. QT interval
was measured from the onset of the QRS complex to
the end of the T-wave. The QTc interval was
measured using the Bazett's formula. QT dispersion
was measured as the difference between the longest
(QT max) and shortest (QT min) QT intervals. QTc
dispersion was measured as the difference between
the longest (QTc max) and shortest (QTc min) QTc
intervals. The interval from the peak of the T wave to
the end of the T wave was defined to as the Tpe
interval. Tpe / QT ratio values wete calculated from
these measurements’. Exercise stress test: The test
was performed and supervised by trained medical
staff (GE Case Stress System 6.7 & T2100 Treadmill).
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Resting ECG, heart rate, and blood pressure were
obtained before starting the exercise regimen. The
sportsmen wetre placed on the treadmill using a
designed Bruce protocol during exercise!®. During
exercise, blood pressure and heart rate were
monitored by experienced staff and patients were
closely monitored for symptoms such as chest pain,
shortness of breath, dizziness, or excessive fatigue.

Blood pressure measurement

The patient rested in a quiet room with his back laid
on the chair for at least 5 minutes. An appropriate
size cuff was placed directly over the patient's left
upper arm, and the patient's arm was supported at
heart level towards the center of the cuff. Blood
pressure was measured by the auscultation method,
and the Korotkoff sounds were evaluated (phase I
systolic BP, phase V diastolic BP).

Statistical analysis

The sample size was calculated in this study by taking
into account the young population, gender and
specific time period using the "simple random
sampling method". Power analysis was calculated by
using post hoc analysis method and G power 3.1
package. The study sample size was 70 patients, the
margin of error was 0.05, the power of the study was
0.73 %, and the standard effect power was 0.52 %.

Statistical analysis was performed using SPSS 20.0
(IBM Corporation, Armonk, NY, USA). Continuous
variables are expressed as mean and SD or median
interval interquartile (IQR), and categorical variables
are expressed as proportions. Shapiro-Wilk and
Kolmogorov-Smirnov tests were used to determine
whether the data conformed to normal distribution.
Mann-Whitney U test was used to compare two
independent groups when data is not normally
distributed (age, sports years, V1-3 S, V5-6 R, V1

Table 1. Baseline characteristics of sportsmen
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S+V5 R, QRS axis, QRS, Tpe time, Tpe/QTc, QRS
peak, QRS recovery values). The baseline
characteristics of the PS users and non-PS users
groups were compared using the Student's t-test for
continuous variables and normal distrubition (BMI,
bazal heart rate [HR], R wave in limbs, PR, QT, QTc,
QTDs, QTcDs, Tpe/QT, basal Systolic BP, Diastolic
BP, Max SBP, Max DBP, Exercise time, basal Pulse
Pressure [PP], Max PP, Max MET, Max ST
Depression, pre exercise basal HR, Max HR, Exercise
Stage 1,2,3,4,5 HR and Recovery 1,2,3 HR ) and the
x2 Pearson's test used for categorical variables
(smokers, alcohol users, Right Atral Enlargement
[RAE], Left AE, Early Repolatization convex type
and concave type values). Pearson's correlation
coefficient (r) was used to evaluate the strength of the
relation between heart rate and age, sport years. For
all statistics, a p-value below 0.05 was considered
significant.

RESULTS

The mean age of PS users was 32 (18-43) years and
the mean age of non-PS users was 30 (20-45) years
(p=0.633). The amount of PS consumed was an
average of 30-40 grams of protein per day (such as
whey protein mixes, BCCA, glutamine, creatine,
arginine).

For the type of PS used, 10 (28.57%) were using only
whey protein, 2 (5.71%) were using the only BCCA,
the remaining 23 (65.71%) sportsmen were using a
different mixture of whey, BCCA, glutamine, creatine
or arginine PS (Figure 1, Table 1).

There was no difference between the two groups in
terms of Body Mass Index (BMI) (25.3 + 2.3 vs 25.7
* 24 kg/m?, p=0.618), sports years (4.5 [0.5-16] vs
4.0 [0.5-15], p=0.878), smoking (31.4% vs 37.1 %,
p=0.615), alcohol consumption (54.3 % vs 40.0 %,
p=0.231) (Table 1).

Variables Non-Protein supplement | Protein supplement users p-value
users (n=35) (n=35)
Age (year) 30 (20-45) 32 (18-43) 0.633*
Height (cm) 178.3 £5.50 176.8 + 6.69 0.156
Weight (kg) 80.6 + 791 80.4 £8.73 0.326
BMI (kg/m?) 253 £230 2571243 0.618
Sport year 4.5 (0.5-16) 4.0 (0.5-15) 0.878*
Smokers (%) 11 (314 13 (37.1) 0.615
Alcohol (%) 19 (54.3) 14 (40.0) 0.231
Amount of protein supplement + 189
(g/day)

*: Mann-Whitney U test; cm=centimeter, kg=kilogram, g=gram, m?= square meters
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Whey proteins
(28.57 %)

Mixed Type
(65.71)

Figure 1. Types and rates of of protein supplements
that used by our sportsmen

Table 2. Electrocardiographic findings of sportsmen

Protein supplements and cardiovascular system

Baseline ECG characteristics of both groups were
similar in terms of heart rate (67.1 £ 11.4 vs 69.1 *
10.8 bpm), right (5.7 % vs 2.9 %) and left (8.6 % vs
5.7 %) atrial enlargement (RAE, LAE), early
repolatization convex type (%0 vs 5.7%) and concave
type (11.4 %ovs 11.4 %), highest S wave amplitude in
leads V1-3 (11.0 [5-18] vs 12.0 [5-22] mV), R wave in
leads V5-6 amplitude (15 [9-25] vs 13 [4-32] mV), the
sum of V1 § and V5 R wave voltage indicating left
ventricular hypertrophy according to Sokolow-Lyon
criteria (25 [15-40] vs 25 [14-52] mV), longest R wave
in extremity leads (22.1 + 4.7 vs 21.4 = 6.1 mV), QRS
axis (70 [20-105] vs 80 [5-105]) , PR duration (149.7
+21.9 vs 150.4 £ 22.9 ms), QRS duration (98 [84-
116] vs 100 [65-124] ms), QT interval (389.9 * 36.4
vs 390.9 £ 30.1 ms), QTc interval (410.2 £ 22.2 vs
417.7 £ 21.1 ms), QT dispersion (38.8 = 12.5 vs 42.4
*+ 144 ms), QTc dispersion (40.5 + 13.4 vs 45.2 *
15.4 ms), Tpe time (90 [60-120] vs 85 [60-10] ms),
Tpe / QT rato values (0.229 £ 0.02 vs 0.222 £ 0.025
ms), Tpe / QTc ratio (0.213 [0.15-0.29] vs 0.204
[0.16-0.28] ms) values (p>0.05) (Table 2).

Variables Non-Protein Protein supplement users p-value
supplement users (n=35)
(n=35)
Basal HR (bpm) 67.1+11.4 09.1 £10.8 0.820
RAE (%) 2.(5.7) 1.9 0.555
LAE (%) 3 8.0) 2(5.7) 0.643
ER (convex type) (%0) 0 () 2 (5.7 0.151
ER (concave type) (%) 4 (11.4) 4 (11.4) 1.000
V1-3 S (mV) 11.0 (5-18) 12.0 (5-22) 0.299*
V5-6 R (mV) 15 (9-25) 13 (4-32) 0.831*
V1S +V5R (mV) 25.0 (15-40) 25.0 (14-52) 0.685*
R wave in limbs (mV) 22.1 147 214 +£6.1 0.875
QRS axis 70 (20-105) 80 (5-105) 0.101*
PR (ms) 149.7 £ 21.9 150.4 +22.9 0.865
QRS (ms) 98 (84-116) 100 (65-124) 0.593*
QT (ms) 389.9 £ 36.4 390.9 & 30.1 0.571
QTc (ms) 4102 £22.2 417.7£21.1 0.987
QT Ds (ms) 383+ 125 424+ 144 0.187
QTc Ds (ms) 40.5+ 134 452+ 154 0.246
Tpe time (ms) 90 (60-120) 85 (60-110) 0.291*
Tpe/QT 0.229 £ 0.02 0.222 * 0.025 0.815
Tpe/QTc 0.213 (0.15-0.29) 0.204 (0.16-0.28) 0.073*

*: Mann-Whitney U test; Ds=Dispersion, ER=Eatly repolarization, HR= Heart Rate, LAE= Left atrial enlargement, RAE=Right atrial

enlargement, QTc=corrected QT interval, ms=miliseconds

There was no difference between baseline systolic
(119.7 £ 13.1 vs 123.5 * 13.8 mmHg) and diastolic
blood pressures (SBP and DBP) (74.7 = 11.4 vs 73.4
+ 13.0 mmHg), maximum (max) SBP (164.4 = 23.0
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vs 171.6 £ 18.7 mmHg), max DBP during exercise
(73.0 £ 13.0 vs 71.9 £ 13.6 mmHg), exercise time
(12.0 £ 0.9 vs 11.9 * 0.7 min), basal pulse pressure
(45.0 £ 121 vs 50.1 * 12,5 mmHg), max pulse
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pressure (91.4 = 24.5 vs 99.6 £ 21.0 mmHg), the max
metabolic equivalent term (MET) (14.4 £ 1.7 vs 14.2
1 1.1), QRS duraton (96 [84-114] vs 96 [82-118] ms),
QRS peak duration (96 [83-115] vs 94 [78-114] ms),
QRS recovery duration (96 [85-117] vs 96 [82-120]
ms), max ST depression (0.14 £ 0.12 vs 0.12 £ 0.10
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mm), pre-exercise basal heart rate (HR) (80.1 £ 12.4
vs 78.5 + 13.1 bpm), max HR (in exercise) (168.0
13.3 vs 166.4 £ 15.9 bpm), exercise step 1, 2,3, 4, 5
HR, Recovery HR step 1, 2, 3 between the two
groups (p>0.05) (Table 3).

Table 3. Cardiovascular findings in sportsmen during the treadmill test

Variables Non-Protein supplement users Protein supplement P-value
(n=35) users (n=35)
Basal SBP (mmHg) 119.7 £ 13.1 1235+ 13.8 0.544
Basal DBP (mmHg) 747 £ 114 73.4£13.0 0.468
Max SBP (mmHg) 164.4 £23.0 171.6 £ 18.7 0.114
Max DBP (mmHg) 73.0 £13.0 719 £13.6 0.879
Exercise Time (min) 120 £0.9 11.9£0.7 0.515
Basal PP (mmHpg) 45.0 £ 121 50.1 £ 125 0.800
Max PP (mmHg) 91.4 £ 245 99.6 £ 21.0 0.366
Max MET 144 £ 1.7 142 £ 1.1 0.434
QRS (ms) 96 (84-114) 96 (82-118) 0551+
QRS peak (ms) 96 (83-115) 94 (78-114) 0.586*
QRS recovety (ms) 96 (85-117) 96 (82-120) 0.556*
Max ST Depression (mm) 0.14 £0.12 0.12 £ 0.10 0.940
Preexercise Basal HR 80.1 £12.4 78.5+13.1 0.570
Max HR 168.0 + 13.3 166.4 + 15.9 0.212
ES 1 HR 93.8 £13.2 941 £11.7 0.433
ES 2HR 107.8 + 16.8 109.0 + 13.7 0.176
ES 3 HR 129.0 £ 20.8 127.8 £17.2 0.194
ES 4 HR 158.3 + 19.5 158.2 £ 18.8 0.697
ES 5 HR 161.7 + 13.9 1622 + 16.5 0.295
R1HR 142.8 + 183 143.8 £ 19.0 0.607
R2HR 118.6 + 16.1 117.9 + 20.8 0.093
R3HR 107.5 + 15.8 109.1 + 17.7 0.309

*: Mann- Whitney U test; DBP=Diastolic blood pressure, ES=Exercise step, MET= Metabolic equivalent Term , min=minute, ms=
milisecond, HR= Heart rate, PP= Pulse Pressure, R=Recovery, SBP=Systolic blood pressure,

Pearson correlation analyses showed a negative
correlation between the age and maximum HR (r=-
0.475, p<0.001) (Figure 2).

Age (years)

140 160 130 200
Maximum pulse

Figure 2. Relation between age and maximum
heart rate (Pearson Coeffcient r=-475, p =0.000).

DISCUSSION

In our study, we could not find a difference between
PS users and non-PS users regarding ECG findings,
blood pressure values, heart rate, and effort capacity
evaluated by a treadmill test. Another outcome of our
study, showed that the basal and maximum heart rate
results of all sportsmen negative correlation with age
and sports duration in accordance with the
literature!©.

ECG shows heart thythm and heart rate accurately
and it is the first choice diagnostic method used for
cardiovascular disease screening by athletes. ECG
changes in athletes vary depending on age, ethnicity,
gender, sport type, and duration. In particular, these
changes are prominent in older trained athletes who
have done endurance sports for a long time!®17.
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Waase et al. examined ECG samples of 519 NBA
basketball players and found that T wave inversion
(6.2%) was the most pathological finding in athletes.
Also, they found mean QRS duration was 99 £13 ms,
mean QTc interval 418%31 ms, the ratio of eatly
repolatization 69.7%, convex ST elevation 4.4%, left
atrial enlargement 13.3% right atrial enlargement
8.9% 18,

In the study conducted by Sharma et al. on 1000
junior athletes, sinus bradycardia and sinus
arrhythmia were the most common ECG findings.
They found QRS duration was 92 ms, QTc duration
was 3911227, LAE was 14%, RAE was 16%, LVH
was 45% in athletes 1°. In our study, QRS and QTc
interval, LAE, RAE rates of sportsmen were lower
than the literature. Because of the low number of
sportsmen in our study, we thought that the number
of athletes with abnormal ECG findings was less than
the literature.

Another study investigating ECG changes in
marathon runners with portable ECG, researches
found that ST-segment deviation and arrhythmias
(non-sustained ~ ventricular  tachycardia, atrial
fibrillation) were more common abnormal findings in
athletes?. In our study, arthythmia was not observed
during the exercise test, and mean ST-segment
depression  was less than 2 mm. In the
aforementioned study, the average athlete age was 48
years, while the mean age was 30 years in our study.

To distinguish ECG changes in athletes' heart related
to exercise, from the underlying pathological disease,
various consensus reports have been presented. In
our study, international consensus report critetia
were taken into consideration when interpreting
ECG’s!4,

One of the important results of our study was that
the baseline blood pressure in rest time and peak
blood pressure during exercise were not different
between the two groups. Fekete et al. followed mild
hypertension and pre-hypertension patients who
took Whey protein for 8 weeks. This study showed
that consuming Whey proteins decrease blood
pressure, improves both endothelial function and
lipid biomarkers?!. Fekete et al. attributed these
effects of PS in the diet to their important role in
vascular reactivity?!. However, Kendal et al. showed
that consuming a pre-workout supplement
containing caffeine, creatine, B-alanine, amino acids,
and B vitamins for use up to 28 days, had no observed
adverse effects in terms of renal and hepatic blood
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markers, resting heart rate, or blood pressures. After
all, they concluded that these supplements were safe
for blood pressure and heart rate for up to 28 days in
healthy, recreation-educated, college-age men?2. In
the literature, we did not find any study comparing
the blood pressure of professional sportsmen using
PS. According to our data, it can be considered that
PS has no significant effect on arterial blood pressure.

Regular sports are known to have a favorable effect
on patients with hypertension, due to the
improvement of endothelial function?. In a large
study investigating the prevalence of hypertension in
athletes, the frequency was found 3% (n = 2 040; age
25 £ 6 years), concerning these results, hypertension
appears to be seen less in athletes compared to the
normal population?. In light of this information, the
normal values of blood pressure duting the resting
phase of all of the sportsmen included in the study
seem to be consistent with the results of previous
studies.

Blood pressure measurement during exercise test
provides important information about the
hemodynamic response. The development of
hypotension or hypertension during the test may be
signs of certain diseases. The change of blood
pressure during the test may be a precursor of
cardiovascular disease or a new diagnosis of
hypertension?#?>. According to research conducted
by Caselli et al. normotensive athletes with high
blood pressure responses during exercise are under
risk for incident hypertension over follow-up when
compared with normotensive response athletes
during exercise?. In our study, the maximum systolic
and diastolic blood pressures of the sportsmen in
both groups during the exercise test were high.
However, further blood pressure monitoring could
not be performed since no follow-ups took place.

Another aim of this study was to evaluate the effects
of PS on exercise capacity and we found conflicting
results in the literature. A study performed by Hansen
et al. has demonstrated, that PS does not positively
affect the athletic performance of elite cyclists?.
Hulmi et al. observed that post-exercise
supplementation with whey proteins did not show a
significant impact on muscle strength compared to
carbohydrates or a combination of protein and
carbohydrates. They concluded that whey proteins
can decrease abdominal fat and inctease telative lean
mass adaptations in response to resistance training
compared to fast-acting carbohydrates?’. In another
study, D'Lugos et al. demonstrated that supplemental
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proteins during heavy cycling exercise were related to
improved skeletal muscle and heart rate responses,
but no effect on their performances®. As a result,
they concluded the use of PS for muscle building and
strength in daily life might not be a good idea as it is
often used.

On the contraty, a systematic review conducted by
Pasiakos et al. showed, that PS may support muscle
hypertrophy and improve gain in muscle strength,
accelerate capacity, frequency of resistance training?.

The amount of PS taken by the sportsmen
participating in our study was consistent with the
doses recommended in the current sports nutrition
consensus3?3!, In line with this information, our
study showed that the effects of PS on exetcise
capacity are not significant when used at certain
doses.

Our study consisted of retrospective data and the
number of sportsmen included in the study was
limited. Although men with similar ages and sports
years duration were included for homogenization, the
sportsmen were using various types and durations of
using PS. For this reason, the effect of PS on the
cardiovascular system could not be determined
clearly. It was questioned whether the athletes
participating in the study were using anabolic
steroids. Athletes who used drugs other than protein
supplements were excluded from the study. Since
there was no previous study on this topic, our data
could not be accurately compared with other studies.

To the best of our knowledge, there is no prospective
large-group study investigating the effects of PS on
the cardiovascular system in the literature. This study
showed that using PS in certain does not have any
effect on ECG findings, heart rate at both rest and
during exercise, effort capacity evaluated by a
treadmill test, and blood pressure values of
sportsmen. While studies emphasizing the positive
effects of regular sports on the heart have been
increasing day by day, unfortunately, publications on
cardiovascular effects of PS are limited. Therefore, in
future studies, these effects can be examined in
athletes who have not used PS before and who will
start using PS.
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