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Aim: The purpose of this study was to evaluate the effect of a pre-seasonal 12-week

supervised strength training program (SSTP) on arterial stiffness, brachial and central

blood pressure, and systolic and diastolic function of the heart in elite powerlifting athletes.

Methods: A descriptive study was performed in 19 elite male powerlifters, who exercised

for 12 weeks, four days per week with an intensity of 60–90% assessed from 1 repetition

maximum and 90–120 min per session. Carotid-femoral pulse wave velocity (cfPWV),

augmentation index and central blood pressure were measured by applanation tonometry

using the SphygmoCor device, and an echocardiographic examination was performed at

baseline and after 12-week SSTP.

Results: Subjects’ mean brachial and central systolic blood pressure decreased significantly

after the training period (132.3±8.8 vs 124.3±8.7 mmHg, p=0.002 and 110.1±7.7 vs 104.5

±8.7 mmHg, p=0.008, respectively). Strength training significantly improved systolic tricus-

pid annular velocity and mitral E/e’ ratio (p<0.05). There were no significant differences in

cfPWV and augmentation index at baseline and after SSTP.

Conclusion: The 12-week supervised strength pre-seasonal training program significantly

decreased brachial and central systolic blood pressure in male elite powerlifting athletes. The

strength training program decreased left ventricular filling pressure and improved right ventri-

cular systolic function. No significant effect of strength training on aortic stiffness was found.
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Introduction
The blood pressure (BP) varies throughout the arterial tree due to pulse wave

reflection and arterial stiffness.1 Elevated BP is a common abnormal finding during

the periodic health evaluation of athletes.2 Strength-trained athletes and weightlif-

ters have a higher prevalence of hypertension as compared to endurance athletes.3,4

Elevated BP leads to increased afterload on the heart causing left ventricular

hypertrophy, which is an independent predictor of cardiovascular risk.4,5

Furthermore, there is an increasing amount of evidence that central BP is better

related to target organ damage and cardiovascular events than brachial BP.6,7

It has been previously demonstrated that arterial stiffness is associated with a

number of traditional and novel cardiovascular risk factors and target organ damage

in patients with atherosclerosis and hypertension.8,9 There is also evidence that a

reduction in arterial stiffness results in reduced incidence of cardiovascular

events.10
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Data have shown the beneficial cardiovascular effect of

aerobic exercise is explained by amelioration of traditional

as well as novel risk factors.11 Aerobic exercise augments

endothelium-dependent vasodilation,12 which in turn may

reduce aortic stiffness.13 At present, little is known about

the effects of high-intensity strength training on central

blood pressure and arterial stiffness. High-intensity

strength training involves slow-speed contractions of the

muscles, which are related to transient mechanical com-

pression of resistant vessels, increasing peripheral vascular

resistance and left ventricular pressure overload during

exercise.14 It is still under discussion whether chronic

increase in afterload may lead to concentric ventricular

hypertrophy.15 Recent meta-analysis16 revealed that acute

resistance training has an adverse effect on arterial stiff-

ness due to cardiovascular as well as non-cardiovascular

mechanisms. In regard to systematic strength training,

available studies have shown stiffer arteries in strength-

trained athletes,17,18 while other data have shown a bene-

ficial effect of resistance training on aortic stiffness.19,20

Inconsistent results may depend on many factors. Many of

these studies were performed in relatively small samples in

different age and sex groups and by a large variation in

training intensities. In addition, most of the intervention

studies were performed in untrained, recreational level or

pre-hypertensive individuals. Thus, available studies have

not revealed a clear understanding of the impact of the

combination of dynamic and isometric resistance training,

also known as strength training, on central blood pressure

and arterial stiffness in healthy individuals.17–27

Furthermore, the effect of elite-level strength training for

lowering BP and target organ damage is still unclear.

Therefore, we aimed to investigate the effect of a pre-

seasonal strength training program on brachial and central

BP, arterial stiffness as well as heart structure and function

in elite powerlifting athletes.

Material and methods

Subjects
A total of 20 voluntary male elite powerlifting athletes

(age 28.2±6.1 years; height 179.2±5.9 cm; weight 99.9

±16.5 kg; body mass index 31.2±5.1; body fat percentage

16.1±7.9) were examined before and after a 12-week

supervised strength training period (SSTP). Study subjects

have been exercised in powerlifting sports at competitive

level from 4 to 15 years. Before the study, subjects com-

pleted a questionnaire concerning their personal and

medical history and lifestyle parameters. All subjects

were non-smokers and were free of acute or known

chronic illnesses. In our study, only those voluntary sub-

jects were included who agreed to avoid nutritional sup-

plements. None of the participants were currently taking

any medication. Subjects were asked not to take alcohol

and not to change their usual diet during the SSTP. All

subjects assessed their food intake three times during the

study period for five consecutive days during the 12-week

SSTP. All food items consumed were analyzed using the

NutriData Estonian food composition database, version 8.

One subject was excluded from data analysis due to the

occurrence of injury and nonadherence to the full SSTP.

Thus, the final study sample was 19. Informed written

consent was obtained from each athlete in accordance

with the principles of the Declaration of Helsinki. The

study protocol was approved by the Research Ethics

Committee of the University of Tartu.

Study protocol
Before the SSTP, there was an 8-week off-season period,

where systematic training sessions and competitions were

not allowed. The pre-seasonal 12-week SSTP consisted of a

combination of dynamic (where muscles contract concentri-

cally during the lifting phase and eccentrically during the

lengthening phase) and isometric (muscular force develop-

ment without movement) resistance training. During the

SSTP, one exercise session consisted of 5–8 working sets to

one muscle group, and athletes exercised with an intensity of

60–90% assessed from 1 repetition maximum (1 RM). The

first set was done with an intensity of 60% of 1 RM and the

last one 90% of 1 RM. Variation of repetitions was decreased

according to the rise of intensity in one set (4 to 12). One

exercise session lasted 90–120 min. The one-week training

program (athletes exercised four days per week) consisted of

the following exercises covering all major muscle groups:

bench press, lateral pulldown, standing shoulder press, arm

curl and extension, leg press, squat, leg curl, calf press,

abdominal crunch, and deadlift. All the major muscle groups

were exercised twice a week.

The structure of each exercise session was divided into

three parts. The first part consisted of a 15-min warm-up,

which included stretching and active exercises using body

weight or very light weight. After the warm-up, the second

part of the workout or the main training phase started,

where the structure of the training session was on the

ascending pyramid principle.28 This means that the first

series was started with 60% of 1 RM with 12 repetitions,
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the second series was 70% of 1 RM with 10 repetitions,

and the third was 80% of 1 RM with 8 repetitions. The

fourth to sixth series were performed with loads ranging

from 80% to 90% of 1 RM and 4–6 repetitions were made.

In one session, half of the muscle groups were influenced:

1) on Monday and Thursday exercises were performed on

chest muscles, latissimus dorsi muscles, hamstring mus-

cles, abdominal muscles, lower back muscles, and

shoulder muscles; 2) on Tuesday and Friday exercises

were performed on arm muscles (m. biceps brachii and

m. triceps brachii), quadriceps muscles and calf muscles.

The third part of the workout included a 15-min cool-

down period, which included stretching and foam rolling

for all muscles that experienced load in the training ses-

sion. No aerobic exercise was involved in the training

program and all the sessions were supervised by a skilled

certified instructor. After the SSTP, all athletes in the study

participated in the Estonian Powerlifting Championships.

The training protocol used is characteristic for high-level

powerlifters in the pre-seasonal phase.

Measurements
Anthropometric, hemodynamic, echocardiographic, and

maximal muscular power measurements were taken one

week before the SSTP while post-training period measure-

ments were performed one week following the competitions.

There were no training sessions on the day preceding the

measurements (maximal muscular power, laboratory and

arterial stiffness measurements). The hemodynamics (blood

pressure, arterial stiffness) measurements were performed

between 8 and 10 AM. Blood analyses were collected after

hemodynamics measurements. For hemodynamic measure-

ments and blood analysis, the subjects fasted and refrained

from tea or coffee consumption overnight. Hemodynamics

and echocardiographic examination were performed by a

single experienced investigator.

Anthropometric data
Subjects’ height and weight were determined by the

Martin metal anthropometer (±0.1 cm) and clinical scales

(±0.05 kg), and body mass index (BMI) was calculated

(kg/m2). Body fat percentage was assessed by measuring

skinfold thickness at six different anatomical sites.29

Measurements of hemodynamics
Brachial blood pressure
Brachial BP was measured in a sitting position from the

non-dominant arm as a mean of three consecutive

measurements at 5-min intervals using a validated oscillo-

metric technique (OMRON M4-I; Omron Healthcare

Europe BV, Hoofddorp, the Netherlands). The mean of

the two closest BP readings was used in further analysis.30

Brachial pulse pressure was calculated as the difference

between brachial systolic and diastolic BP.

Central blood pressure and arterial stiffness
Radial artery waveforms were recorded with a high-fide-

lity micromanometer (applanation tonometry) from the

wrist of the dominant arm and pulse wave analysis was

performed on the systolic portion (SphygmoCor, version

7.1, AtCor Medical, Sydney, Australia) of the pulse curve

in accordance with established guidelines.31 The corre-

sponding ascending aortic waveforms were then generated

using a validated transfer function,31,32 from which central

systolic and diastolic BP, central pulse pressure and aug-

mentation index (AIx) were calculated. The AIx was

defined as the difference between the second and the first

systolic peaks of the central arterial waveform expressed

as the percentage of central pulse pressure.31 Mean arterial

pressure (MAP) was calculated from the integration of the

radial artery waveform. The degree of pulse pressure

amplification (PPA) was calculated as brachial pulse pres-

sure divided by central pulse pressure.

Carotid-femoral pulse wave velocity
The carotid-femoral pulse wave velocity (cfPWV), a direct

measure of aortic stiffness, was determined by sequential

acquisition of pressure waveforms from the carotid and

femoral arteries using the same tonometer (SphygmoCor,

version 7.1, AtCor Medical). The timing of these wave-

forms was compared with that of the R wave on a simul-

taneously recorded ECG. The cfPWV was determined by a

calculation of the difference between the carotid and the

femoral path length divided by the difference in the R

wave to waveform foot times. The difference between

the carotid and the femoral path length was estimated

from the distance of the sternal notch to the femoral

pulse measured in a direct line.31 The within-observer

coefficient of variation for cfPWV was 2.3%.

The pulse wave analysis and cfPWV measurements

were made in duplicate, and their mean values were used

in subsequent analysis.

Echocardiography
An echocardiographic examination was performed using a

commercially available device (Sonos7500, Philips Medical

Systems, Inc., Highland Heights, OH, USA) with a 3.5-MHz

Dovepress Jürgenson et al

Research Reports in Clinical Cardiology 2019:10 submit your manuscript | www.dovepress.com

DovePress
35

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


transducer and digital recording by an experienced cardiolo-

gist. The images were stored digitally, coded with a random

number and read by a blinded observer. Left atrial dimension

was measured using the two-dimensional echocardiography

(2DE) anteroposterior linear method. For left ventricular

mass calculations, the 2DE and the M-mode were used.

Long-axis measurements were obtained at the level distal to

the mitral valve leaflets. Left ventricular internal dimension

and septal and posterior wall thickness were measured at the

end of the diastole (subscript “d”) according to the recom-

mendations of the current guidelines.33 Left ventricular mass

was calculated using the formula 0.8{1.04 [(LVIDd+PWTd

+SWTd)
3- (LVIDd)

3]}+0.6 g (LVIDd – left ventricular inter-

nal dimension, PWTd – posterior wall thickness, SWTd –

septal wall thickness).33 For 2DE volume calculations, the

modified Simpson’s rule was used according to the current

guidelines.33 For left ventricular diastolic function assess-

ment, we measured medial E/e’ ratio and mitral valve E/A

ratio in accordance with the recent guidelines.34 Left ventri-

cular outflow tract velocity-time interval was measured with

the pulsed-wave Doppler sample volume at the level of the

left ventricular outflow tract in 3- or 5-chamber view. Tissue

Doppler imaging (TDI) was performed in the apical four-

chamber view. Peak systolic velocity of tricuspid annulus by

TDI was measured as an indicator for right ventricular sys-

tolic function.

Assessment of maximal muscular power
Maximal muscular power was tested before and after the

strength training period with bench press and jumping

from a half squat (JHS) with a barbell. After the warm-

up, each athlete performed maximal effort in bench press

and jumping from a half squat by the bar with his body

weight following SSTP study protocol. The muscle power

produced during squat jump was measured with a linear

encoder attached to the barbell and fitted to the Musclelab

system (Ergotest Innovation a.s., Porsgrunn, Norway). The

method was introduced previously by Bosco et al.35

Statistical analysis
Statistical analysis was performed with SPSS for Windows

software, version 22.0 (IBM Corporation, Armonk, NY,

USA). All data were checked for normal distribution using

the Kolmogorov–Smirnov test. Data are expressed as

means (x) and standard deviations (SD). Carotid-femoral

PWV was adjusted to MAP. The data were analyzed using

the paired-samples t-test. The Pearson or Spearman corre-

lations analysis was used to determine the relationships

between the variables. For the observed power estimation,

the general linear model, repeated measurements and

power calculations were performed. Statistical significance

was defined as two-sided p<0.05.

Results
Subjects’ mean body weight, body fat percentage and BMI

values after the 12-week strength training period did not

differ significantly from baseline values (99.9±16.5 vs

100.2±17.1 kg, p=0.614; 16.1±7.9 vs 15.8±7.7, p=0.906;

31.2±5.1 vs 31.3±5.2, p=0.603, respectively). Table 1 pro-

vides descriptive information about the powerlifters’ mean

dietary intake during the study [total caloric intake, pro-

tein, fat, and carbohydrate intake in grams and total energy

intake (%) for proteins, fats and carbohydrates].

Hemodynamic indices and blood pressure
The hemodynamic indices at baseline and after the 12-week

strength training period are presented in Table 2. Brachial

and central systolic BP decreased significantly after the

training period. There were no significant differences after

the training period in cfPWV (both adjusted and unad-

justed) and AIx (Table 2). After the SSTP, a slight decrease

was detected in central pulse pressure and brachial pulse

pressure, but the decrease remained nonsignificant. No sig-

nificant changes were found in MAP, PPA (brachial pulse

pressure/central pulse pressure), and heart rate after the

SSTP.

Echocardiography
Echocardiographic parameters at baseline and after the

12-week strength training period are presented in Table 3.

At baseline, left ventricular systolic function (ejection

fraction 52–72%) and mass index (49–115 g/m2) were

in normal range in all study subjects. However, increased

left ventricular end-diastolic volume (>64 mL/m2) was

found in six subjects. Left atrial dimension and E/A ratio

Table 1 Nutritional daily intake of the subjects

Parameter Mean ± SD

Total energy intake (kcal) 4,200±845

Protein (g) 190±60

Fat (g) 168±56

Carbohydrate (g) 495±147

Protein (% energy) 18.4±4.8

Fat (% energy) 35.5±4.8

Carbohydrate (% energy) 46.1±10.5

Notes: Data presented as means ± SD.
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remained unchanged after SSTP. However, E/e’ ratio

decreased significantly with SSTP (p<0.05). There was

a statistically significant increase in tricuspid annular

systolic velocity TDI (p<0.01). An inverse correlation

was found between the change in tricuspid annular sys-

tolic velocity TDI and the change in mean arterial pres-

sure (r=−0.5; p<0.05).

Maximal muscular power
Descriptive data showed that mean values of bench press

(BeP) and jumping from half squat (JHS) were signifi-

cantly higher after the SSTP in comparison with baseline

values (Figure 1), and these indices improved in all

subjects. Observed power of effect size for BeP and JHS

was between 0.41 and 0.46 for within-subjects effect and

0.96 and 1.0 for between-subjects effect, respectively.

Discussion
Resistance exercise has been shown to have a beneficial

effect on muscular strength, bone mineral density, and

body composition.36 Nevertheless, there is less evidence

to demonstrate a protective effect of resistance exercise on

cardiovascular health, particularly on BP and hemody-

namic parameters, compared to aerobic exercise.37,38 The

hemodynamic effect of resistance training differs signifi-

cantly from aerobic training. In general, resistance training

is divided into two subgroups having different effects on

the cardiovascular system. Dynamic resistance training

(force development associated with movement with inten-

sity between 30% and 100% of 1 RM) has been shown to

reduce BP and is recommended as a means for cardiovas-

cular prevention in the hypertension guidelines.24,39

Isometric resistance training (force development asso-

ciated without movement with intensity between 10%

and 40% of 1 RM) is not recommended for lowering BP

because there are not enough studies available.24,39

Previous research indicates that isometric and isotonic

exercisemay have a differential effect on brachial and central

blood pressure.40–42 Indeed, central systolic blood pressure

was increased only after hand-grip, but not after ergometer

exercises.40 It has been suggested that peripheral arterial

dilatation caused by isotonic exercise might reduce the

amplitude of reflected pressure waves.43 In contrast, iso-

metric exercise could elevate arterial resistance, and thereby

increase the amplitude of the radial reflected wave.43 In the

present study, we found that strength training, which

Table 2 Hemodynamic parameters of the subjects before and

after the 12-week strength training period (SSTP)

Parameter Before

SSTP

After

SSTP

p-

value

bSBP (mmHg) 132.3±8.8 124.3±8.7 0.002

bDBP (mmHg) 70.1±5.9 67.7±5.2 0.059

bPP (mmHg) 61.2±8.4 58.8±7.3 0.259

MAP 88.4±7.4 86.9±5.9 0.359

cSBP (mmHg) 110.1±7.7 104.5±8.7 0.008

cDBP (mmHg) 71.1±6.3 68.9±5,3 0.078

cPP (mmHg) 39.0±3.7 35.6±5.0 0.317

PPA 1.6±0.1 1.6±0.1 0.650

HR (b/min) 62.6±8.6 64.8±9.3 0.093

AIx (%) 3.3±9.2 5.1±8.9 0.233

cfPWV (m/s) 6.2±0.7 6.5±1.1 0.088

Adjusted cfPWV (m/s) 6.2±1.4 6.4±1.9 0.309

Notes: Data presented as means ± SD.
Abbreviations: bSBP, brachial systolic blood pressure; bDBP, brachial diastolic
blood pressure; bPP, brachial pulse pressure; MAP, mean arterial pressure; cSBP,
central systolic blood pressure; cDBP, central diastolic blood pressure; cPP, central
pulse pressure; PPA, pulse pressure amplification; HR, heart rate; AIx, augmentation
index; cfPWV, carotid-femoral pulse wave velocity.

Table 3 Echocardiographic parameters of the subjects before and after the 12-week strength training (SSTP)

Parameter Before SSTP After SSTP p-value

Left ventricular ejection fraction (%) 63.5±4.5 62.1±4.3 0.056

Left ventricular end-diastolic volume/BSA (mL/m2) 58.4±9.5 57.7±10.5 0.437

Cardiac output (L/min) 5.6±0.9 5.5±0.9 0.703

Mitral valve E/A ratio 1.6±0.4 1.5±0.4 0.319

IVS thickness (cm) 1.0±0.2 1.0±0.2 0.447

Left atrial dimension (cm) 3.63±0.40 3.58±0.35 0.295

E/e’ ratio 7.8±1.3 7.1±1.2 0.026

LVMI (g/m2) 84.4±14.2 84.5±17.3 0.971

Relative wall thickness 0.39±0.05 0.40±0.07 0.380

Tricuspid systolic annular velocity TDI, cm/s 13.0±2.3 14.2±2.2 0.006

Notes: Data presented as means ± SD.
Abbreviations: SSTP, supervised strength training program; BSA, body surface area; IVS, interventricular septal; LVMI, left ventricular mass index; TDI, tissue Doppler
imaging.
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combines dynamic and isometric resistance training with the

intensity of 60–90% of 1 RM, resulted in a significant

decrease in brachial and also in central systolic BP.

However, Tanaka et al evaluated central blood pressure by

Omron HEM-9000AI, which is based on the measurement of

late systolic pressure of peripheral pressure wave. In our

study, the SphygmoCor device was used, where the estima-

tion of central blood pressure is based on the general transfer

function.44 Moreover, the novelty of our study is that we

evaluated central blood pressure and arterial stiffness in elite

powerlifting athletes, whereas Tanaka et al studied clinically

healthy subjects from the general population.40 In our study,

subjects’ mean brachial systolic and diastolic BP reduced by

8 and 2.4 mmHg, respectively. The results of our study

support the evidence that strength training (combining

dynamic and static exercise) has a significant BP-lowering

effect in well-trained elite powerlifting athletes. In our study,

the exposure to heavy training loads was supervised during

the study period, and respective significant increases in max-

imal muscular power were revealed, which confirms that

exposure to training loads was high in all subjects.

Reduction of the peripheral and central blood pressure after

resistance training could be explained by the change in the

intensity and volume ratio of training. Despite prolonged

intensive training, inactivity for several weeks can cause a

loss of cardiovascular adaptation. Indeed, deconditioning is

associated with a significant decrease in left ventricular wall

thickness in highly trained athletes.45 Consistent with these

findings, two months of inactivity resulted in a reduction of

stroke volume, left ventricular end-diastolic diameter and

cardiac output in highly trained subjects.46

Increased aortic stiffness is a well-known risk factor

for cardiovascular disease.47 Controversy exists in the

literature with regard to the effect of resistance exercise

on aortic stiffness. Available mid- to long-term studies

show a negative,17,18,25,48 neutral,26 or positive19,20 effect

of resistance training on aortic stiffness. However, many of

these studies were performed in relatively small samples in

different age and sex groups and by a large variation in

training intensity. Furthermore, most of the intervention

studies were performed in untrained, recreational level or

pre-hypertensive individuals. Most of the previously pub-

lished study protocols are not comparable, especially

where physical loads are very high. There are no data

available for high-intensity strength training protocol,

which is predominantly used by well-trained elite power-

lifting athletes. In the present study, we did not find sig-

nificant changes in cfPWVor AIx after the 12-week SSTP.

It is possible that the changes in arterial stiffness were

subtle because we studied well-trained powerlifters, who

were conditioned for such strenuous training. In such a

population, a 12-week training period might not be enough

to evaluate the absolute effect of strength training on

arterial stiffness. The BP-lowering effect of strength train-

ing is probably related to the reduction in peripheral vas-

cular resistance27 and HR change, which moves the

reflection point of the forward moving pulse wave more

distally causing the BP to decrease.

Left ventricular hypertrophy is an independent cardio-

vascular risk factor in the general population49 and in

hypertensive patients.50 In our study, there were no sub-

jects with left ventricular hypertrophy, and there was no
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significant correlation between reduction in left ventricular

mass and decrease in brachial BP.51 Our findings are con-

sistent with previous research, where the 6-month resis-

tance training did not have an effect on left ventricular

remodeling.52 Furthermore, 12 weeks is a short period of

time to observe structural changes in the heart.6 Left

ventricular diastolic function can be used as an early

marker of myocardial function change. In our study,

SSTP improved left ventricular filling pressure, which

indicates that change in central, not only peripheral BP,

might improve left ventricular diastolic function.

Moreover, to our knowledge, our study is the first one to

show an increase in right ventricular systolic function and

reduction in left ventricular filling pressure with resistance

training. Assessment of diastolic function with echocardio-

graphy includes a complex of several variables; of these

variables, E/e’ ratio is the most frequently used method for

left ventricular filling pressure assessment.33 Adler et al53

showed in an acute setting, resistance training increases E/

A ratio and decreases deceleration time, which are both

beneficial changes in terms of diastolic function. However,

tissue Doppler was not used in this study. Two major

factors influencing left ventricular filling pressure are left

ventricular compliance and wall thickness.54 As our sub-

jects’ mean left ventricular wall thickness did not change

significantly, it is possible that SSTP solely influenced

their left ventricular compliance. While the left ventricle

pumps into the systemic circulation, which has a signifi-

cant reserve to decrease resistance and increase compli-

ance with exercise, the right ventricle empties into the

pulmonary circulation, which is characterized by low

resistance and high compliance already at rest. Because

there is a limited capacity to accommodate the blood flow

in the pulmonary circulation with exercise, the right ven-

tricle needs to maintain the necessary output.55 This

explains the increase in the right ventricular systolic func-

tion parameter, ie, tricuspid annular systolic velocity TDI,

in our study. Interestingly, we also found that an increase

in right ventricular systolic function is associated with BP

reduction. However, due to the design of our study, we

cannot assess the causal relationship between these

changes.

Our study has some limitations. There was no intention

to involve a control group in this study due to several

reasons. Firstly, it was not possible to sign elite level

powerlifting athletes for 12 weeks without systematic

strength training. Secondly, appropriate matched controls

were not available for the present study group’s

characteristics because elite level powerlifters have a

higher BMI as well as significantly higher muscle mass

than other age- and weight-matched men. In addition, our

study lasted for 12 weeks, which might be too short to

assess the change in left ventricular mass.38

On the other hand, the novelty of our study is that it was

performed in elite-level powerlifters and evaluates the effect

of a real training load which is characteristic only for this

target group. Thus, the results of our study provide more

practical knowledge about the cardiovascular risk level for

competitive powerlifters and other strength-oriented athletes.

Finally, further mechanistic studies should be undertaken

to assess the relationship between strength training and right

ventricular function. Thus, the findings of our study may

have significant implications for future research.

Conclusion
The results of our study revealed that the 12-week pre-sea-

sonal supervised strength training program (a combination of

dynamic and isometric resistance training) significantly

decreased brachial and central systolic blood pressure in

male elite powerlifting athletes. The strength training pro-

gram decreased left ventricular filling pressure and improved

right ventricular systolic function. However, there was no

effect of strength training on aortic stiffness.
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