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Abstract

:

The effects of androgen anabolic steroids (AAS) use on athletes’ cardiac autonomic activity in terms of baroreflex sensitivity (BRS), and heart rate variability (HRV) have not yet been adequately studied. Furthermore, there is no information to describe the possible relationship between the structural and functional cardiac remodeling and the cardiac autonomic nervous system changes caused by AAS abuse. Thus, we aimed to study the effects of long-term AAS abuse on cardiac autonomic efficacy and cardiac adaptations in strength-trained athletes. In total, 80 strength-trained athletes (weightlifters and bodybuilders) participated in the study. Notably, 40 of them using AAS according to their state formed group A, 40 nonuser strength-trained athletes comprised group B, and 40 healthy nonathletes (group C) were used as controls. All subjects underwent a head-up tilt test using the 30 min protocol to evaluate the baroreflex sensitivity and short HRV modulation. Furthermore, all athletes undertook standard echocardiography, a cardiac tissue Doppler imaging (TDI) study, and a maximal spiroergometric test on a treadmill to estimate their maximum oxygen consumption (VO2max). The tilt test results showed that group A presented a significantly lower BRS and baroreflex effectiveness index than group B by 13.8% and 10.7%, respectively (p < 0.05). Regarding short-term HRV analysis, a significant increase was observed in sympathetic activity in AAS users. Moreover, athletes of group A showed increased left ventricular (LV) mass index (LVMI) by 8.9% (p < 0.05), compared to group B. However, no difference was found in LV ejection fraction between the groups. TDI measurements indicated that AAS users had decreased septal and lateral peak E’ by 38.0% (p < 0.05) and 32.1% (p < 0.05), respectively, and increased E/E’ by 32.0% (p < 0.05), compared to group B. This LV diastolic function alteration was correlated with the year of AAS abuse. A significant correlation was established between BRS depression and LV diastolic impairment in AAS users. Cardiopulmonary test results showed that AAS users had significantly higher time to exhaustion by 11.0 % (p < 0.05) and VO2max by 15.1% (p < 0.05), compared to controls. A significant correlation was found between VO2max and LVMI in AAS users. The results of the present study indicated that long-term AAS use in strength-trained athletes led to altered cardiovascular autonomic modulations, which were associated with indices of early LV diastolic dysfunction.
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1. Introduction


There are several references in the literature regarding the use of anabolic–androgenic steroids (AAS) as doping substances in sports and particularly their health effects, there are several references in the literature. Most studies on their morphological and functional adverse effects on various functional systems after acute or long-term administration are based on experimental animal results [1]. For ethical, legal, and methodological reasons, the reports are not very well documented in athletes [1,2]. A limitation of almost all similar studies regarding the cardiovascular side-effects of AAS in athletes is the fact that the results are based on cross-sectional studies with different subject populations rather than longitudinal data. The longitudinal studies using AAS in humans would give rise to ethical problems. From the few clinical studies and case reports, the most destructive effects of AAS concern the cardiovascular system. Their administration in significant and long-term doses favors the manifestation of atherosclerosis of blood vessels, direct toxic action on myocardial cells, myocardial fibrosis, destruction of the endothelium, and dysfunction of the autonomic nervous system [2,3,4]. Clinical manifestations of these disorders are the occurrence of cardiomyopathy, myocardial infarction, arterial hypertension, arrhythmias, and sudden cardiac death [5,6,7]. Especially for the effects of AAS on athletes’ cardiac autonomic nervous system, studies are minimal, and the results are controversial. It is argued that their administration increases the action of the sympathetic nervous system and reduces the vagal tone [8,9]. Thus, an imbalance of the two limbs of the autonomic nervous system occurs, which is proven by the alterations of the heart rate variability (HRV) indices. In addition, based on experimental research and recent studies in AAS users, there are indications of the decreased sensitivity of the peripheral baroreflex and the sensitivity of the Bezold–Jarisch reflex control of heart rate and blood pressure [10,11,12,13]. There is still no research that studies whether cardiac autonomic dysfunction and reduced baroreflex sensitivity (BRS) after long-term AAS abuse are independent or associated with morphological and functional cardiac remodeling. The present study aimed to investigate the function of resting peripheral BRS and HRV modulation in strength-trained athletes receiving AAS and correlate the findings with the left ventricular anatomical and functional indices, as well as their aerobic capacity levels.




2. Materials and Methods


There was an open call in the local training centers for strength-trained athletes, such as bodybuilders and weightlifters, to participate in the study, where the aim and the method of the study were clearly stated. Healthy males aged 18 to 45 years, with at least five years’ experience in weight training, were eligible participants. Exclusion criteria were smoking, alcohol use or other drugs use besides AAS, presence of any chronic disease, atrial fibrillation, and medically prescribed testosterone therapy. Information about medical history, exercise training regime, and AAS usage was obtained from all volunteers. Based on self-reported history, athletes were allocated either to current AAS users or athletes without a history of AAS use. All AAS users reported that they were using only oral and injectable AAS substances for at least the last three years. In total, 40 strength-trained male athletes using AAS for at least 3 years (group A) and 40 strength-trained athletes, nonusers (group B) participated in this cross-sectional study. Moreover, 40 age-matched healthy nonsmokers and nonathletes, who did not use any medication were served as controls (group C).



All volunteers were examined in the Laboratory of Sports Medicine of the Aristotle University of Thessaloniki, in Greece, an authorized sports cardiology center in Greece. All tests were conducted in the morning and interpreted by the same cardiologist blinded to the identity of the participants. They were asked to refrain from exercise and all dietary sources of caffeine and alcohol 24 h before their examination. The evaluation included clinical history, clinical examination, resting electrocardiogram, an echocardiographic study, a head-up tilt test using a 30 min protocol to evaluate baroreflex sensitivity and short-term heart rate variability (HRV), and a maximum cardiopulmonary exercise testing on a treadmill.



All participants gave written informed consent. The study was conducted under the Declaration of Helsinki. The Ethics Committee of the Aristotle University of Thessaloniki approved the study protocol (Approval Number EC-65321/2012, Thessaloniki, 16 July 2012).



2.1. Measurements


2.1.1. Echocardiographic Study


Transthoracic echocardiography was performed using Vivid S70 (GE Medical, Horten, Norway) with an M5S phased-array transducer. All echocardiographic images were obtained and stored by an experienced cardiologist–ultrasonographer blinded to the identity of the participants. The studies were analyzed offline by two cardiologists using the Echopac version 201 (GE, Horten, Norway).



Measurements of the left ventricle (LV) and its walls were performed in the parasternal long-axis view by M-mode approach according to the American Society of Echocardiography guidelines [14]. LV mass was estimated from parasternal views using the Devereux formula: 0.8{1.04[([LVEDD + IVSd + PWd]3 − LVEDD3)]} + 0.6, where LVEDD, IVSd, and PWd represent LV end-diastolic diameter, interventricular septal, and posterior wall thickness in diastole, and RWT was calculated with the formula: (2x posterior wall thickness)/(LV internal diameter at end-diastole). LVMI was corrected for body surface area (BSA). LV ejection fraction (LVEF) and LA volume were estimated using the biplane method of disks. LA maximal volume (LAVi) was measured at the end-systole and corrected for BSA. LV diastolic function was assessed according to the American Society of Echocardiography and the European Association of Cardiovascular Imaging guidelines [15]. Pulsed-wave (PW) Doppler was performed in the apical four-chamber view to obtain mitral inflow velocities. E-wave and A-wave peak velocities and their ratio E/A was measured.



PW tissue Doppler imaging (TDI) was performed in the apical four-chamber view to acquire mitral annular velocities at the septal and lateral wall and measure early diastolic peak E’ velocity and late diastolic A’ velocity in both walls. E/E’ average ratio was obtained averaging the e’ velocity from the septum and lateral sides of the mitral annulus and was used to estimate LV filling pressures. TR systolic jet velocity was obtained with CW Doppler from parasternal and apical four-chamber view with color flow imaging to obtain the highest Doppler velocity.




2.1.2. Arterial Baroreflex Sensitivity and Heart Rate Variability Assessments


Baroreflex sensitivity was assessed by the Task Force Monitor 3040i device (CNSystem, Graz, Austria). After lying in a supine position for 5 min, all participants were placed in a 60° head-up position for 30 min. During each test, the RR intervals (RRI) were assessed from a continuous electrocardiogram, while continuous arterial Blood pressure (BP) was obtained using photoplethysmography on the middle finger. Baroreflex sensitivity (BRS) was assessed by spectral analysis of systolic BP (SBP) and RRI changes and was estimated using the average regression of the baroreflex slope of the SBP/RRI relationship. Moreover, the baroreflex effectiveness index (BEI), which indicates the ramps in RRI and SBP, was estimated. The ramp count and event count were also estimated. The ramp count indicates at least 3 consecutive beats, where the SBP rose or fell, while the event count indicates the number of baroreceptor sequences, where for at least 3 consecutive beats, there is a rise or fall of SBP with a subsequent shortening or lengthening of RRI.



By the same device, power spectral analysis of the short-term heart rate variability (HRV) was obtained for assessing cardiac autonomic activity. The low frequency (0.04–0.15 Hz) spectral component of the R–R interval using normalized units (LFnu–RRI) was estimated as a marker of sympathetic activity. On the other hand, the high frequency (0.15–0.4 Hz) spectral component of the R–R interval (HFnu–RRI) was estimated as a marker of cardiac vagal activity. Finally, their ratio (LF/HF ratio) was estimated as a marker of sympathovagal balance.




2.1.3. Cardiopulmonary Exercise Testing


Finally, each participant underwent a maximal cardiopulmonary exercise testing on a Trackmaster treadmill (Full Vision Inc, Newton, KS, USA) using a Bruce protocol. There was a continuous electrocardiogram, while BP was measured at the end of each 3 min stage. Expiration gases were analyzed using Med Graphics Breeze Suite CPX Ultima spiroergometric device (Medical Graphics Corp, Saint Paul, MN, USA). Maximum oxygen consumption (VO2max) was defined as the highest oxygen consumption obtained in the final 30 s of the test, characterized by a plateau of oxygen uptake despite further increases in work rate (steady time). The respiratory exchange ratio was higher than 1.10 in all tests. Measurements at maximum exercise included SBP and diastolic blood pressure (DBP), heart rate (HR), pulmonary ventilation (VE), and total exercise time (ExTime).





2.2. Statistical Analysis


Continuous variables were expressed as mean ± standard deviation. The Kolmogorov–Smirnov test was used to test the normality, a condition fulfilled by the data analyzed. Changes of variables within the groups were evaluated by one-way analysis of variance, with a group being the independent variable. Correlation coefficients were calculated according to Pearson analysis. All statistical analyses were performed using the Statistical Package for Social Sciences (SPSS, Chicago, IL, USA), version 20.0 software for Windows. The significance level was p < 0.05.





3. Results


The physical characteristics of the participants are presented in Table 1. There were no statistically significant differences in all variables among the three groups.



Results obtained from the cardiopulmonary exercise testing are presented in Table 2. All tests were terminated due to volitional exhaustion. The SBP at rest was found in group A to be increased by 8.8% (p < 0.05) and 7.4% (p < 0.05), in comparison with groups B and C, respectively. In group A, SBPmax was higher by 6.8% (p < 0.05) and by 8.8% (p < 0.05), compared to groups B and C, respectively. Additionally, group A had increased ExTime by 11.0% and VO2max by 15.1% (p < 0.05), compared to group B, and by 17.5% (p < 0.05) and by 18.3% (p < 0.05), compared to C, respectively.



Table 3 presents the results of the baroreflex sensitivity and HRV assessments. There were no statistically significant differences in ramp count, event count and HFnu–RRI among the three groups. The BRS and BEI indices in group A were found to be decreased by 13.8% (p < 0.05) and 10.7% (p < 0.05), compared to B, and by 16.1% (p < 0.05) and 6.4% (p < 0.05), compared to C, respectively. Moreover, LFnu–RRI and LF/HF ratio were increased in AAS users by 24.2% (p < 0.05) and 25.5% (p < 0.05), compared to group B, and by 27.6% (p < 0.05) and 46.8% (p < 0.05), compared to group C, respectively.



Results obtained from the echocardiographic study are listed in Table 4. Group A demonstrated a significant increase in LVM and LVMI by 9.3% (p < 0.05) and 8.9 % (p < 0.05), compared to group B, and by 38.4% (p < 0.05) and by 39.1% (p < 0.05), compared to group C, respectively. Moreover, group A had increased RWT by 16.2% (p < 0.05), LAVi by 22.3% (p < 0.05) and TR peak velocity by 44.4% (p < 0.05), compared to group C. Finally, in group A septal E’ and lateral E’ were by 38.0% (p < 0.05) and 32.1% (p < 0.05) decreased, compared to group B, and by 44.1% (p < 0.05) and 35.0% (p < 0.05), compared to group C, respectively. On the other hand, group A demonstrated a significant increase in E/E’ aver by 32.0% (p < 0.05), compared to group B, and by 60.4% (p < 0.05), compared to group C (Figure 1).



In group A, significant correlations were obtained between (a) the years of AAS use and E/E’ aver (r = 0.609, p = 0.001); (b) BRS and E/E’ aver (r = −0.426, p = 0.006) as well as Lateral E’ (r = 0.325, p = 0.041); (c) VO2max and LVMI (r = 0.372, p = 0.018).




4. Discussion


The use of AAS by athletes has been associated with cardiovascular disorders, either acute (such as arrhythmogenic SCD, thromboembolic episodes, or myocardial infarction) or chronic (such as hypertension, atherosclerosis, or LV hypertrophy and dysfunction) [1,2,3,4,5,6,7]. Our results indicate that systemic use of AAS in strength-trained athletes leads to altered cardiac autonomic and hemodynamic function when assessing spontaneous BRS and short-term HRV indices. Moreover, AAS use seems to enhance LV hypertrophy and may accelerate LV diastolic dysfunction, depending on the intake years. An association between indices of early diastolic dysfunction and BRS depression was found in our anabolic users. Additionally, an increased maximal cardiopulmonary efficiency was established in AAS users; this finding was associated with an increased LVMI.



The BRS indicates the function of the baroreflex arch and is strictly linked with heart rate and blood pressure fluctuations. Measurement of BRS respects the interbeat interval in milliseconds per unit change, known as HRV, and blood pressure in mm Hg. The increase or decrease in HRV in response to a reduction or elevation of BP by baroreflex may occur by activating either sympathetic or parasympathetic limb, or both [16]. BRS follows the synergy between the vascular and autonomic functions to guide the BP fluctuations within normal levels. Thus, BRS modulates blood pressure fluctuations by changing the HR, myocardial contractility, and peripheral resistance [17].



Exercise training can improve BRS in healthy individuals and patients with cardiac autonomic disorders [18,19]. Subramanian et al. [16] supported that athletic training positively influences baroreflex and autonomic function. Short-term exercise training lowered standing HR in postural orthostatic tachycardia syndrome, attributable to a training-induced increase in BRS [20]. Reduced BRS was shown to be associated with high blood pressure, whereas resetting the baroreceptor working range to a higher level was observed in hypertension [21,22]. Additionally, impaired baroreflex sensitivity was found in depressive disorders; such abnormality may be a predisposing factor for sudden death in patients with underlying cardiac disease [23]. Reduced BRS was also associated with obesity, diabetes, and metabolic syndrome in adolescents and adults and was an acknowledged cardiovascular risk factor [24,25,26]. The long-time appearance of increased BP creates a “resetting” of the baroreflex so that the BP responses to exercise are regulated around a higher defined point [27]. In the early stages of BRS dysfunction, subjects may have normal resting BP, and the abnormal pressure responses may be disclosed during effort [28]. In hypertensive patients with LV hypertrophy, the LV diastolic function has independent associations with BRS parameters obtained at rest [29]. Several studies in heart failure patients showed that sympathetic hyperactivity is triggered by lower BRS [30,31]. In heart failure patients, the increased plasma levels of angiotensin II, due to the activation of the renin–angiotensin system, cause alteration on baroreflex control of sympathetic activity and HR directly in the vasomotor and cardiac centers in the brain and the peripheral nerve terminals, facilitating norepinephrine free and inhibiting acetylcholine release [30,31,32,33,34,35]. These patients may appear with abnormalities of the sinus node.



In our study, the tilt test results showed that AAS users presented significantly lower BRS and BEI compared to nonusers by 13.8% and 10.7%, respectively. Recently, there was similar evidence for lower BRS and sympathovagal imbalance in AAS users [13]. Moreover, a correlation between BP and spontaneous BRS and arterial stiffness was observed. Beutel et al. [10] reported the appearance of hypertension with differential hemodynamic changes and alterations in the reflex control in HR after chronic stanozolol administration in rats. Testosterone-treated animals presented rest bradycardia, cardiac hypertrophy, alterations in baroreflex activity, and enhanced response to sodium nitroprusside [12]. It was suggested that chronic administration of either testosterone or cocaine elicits functional changes in the activity of brain neurons regulating baroreflex responses [10,12]. Additionally, direct effects of both drugs on the heart may mediate the baroreflex activity; chronic cocaine administration increases chronotropic actions of catecholamines, while testosterone inhibits noradrenaline reuptake from the heart, increases the levels of the pore-forming subunits, and in addition, the activity of T-type calcium channel causing reduced reflex bradycardia [12]. Although animal studies do not necessarily apply to humans, similar mechanisms could, in future studies, justify the effects of AAS on BRS in athletes. Moreover, long-term treatment with AAS in rats reduced the sensitivity of the Bezold–Jarisch reflex control of bradycardia and BP, possibly due to cardiac hypertrophy [11].



Sedentary individuals exhibit raised sympathetic tone even at rest and higher reactivity to any stress [32,33]. Subramanian et al. [16] observed that HRV (total power and SDNN) was higher in athletes. The parasympathetic tone was higher in terms of higher RMSSD and higher HF power. We reported similar cardiac autonomic adaptations in our previous studies in athletes and patients with chronic diseases following exercise training [34,35]. In the present study, there were decreased short-term HRV indices during the head-up tilt test in the strength training athletes using AAS, compared to nonuser athletes, representing a shift towards sympathetic modulation predominance. Similarly, chronic abuse of high doses of AAS in bodybuilders led to cardiac autonomic dysfunction [8]. Dos Santos et al. [13] supported a relationship between AAS use in athletes and imbalance in autonomic control of both the periphery and the heart. In experimental studies, chronic high-dose AAS administration in rats caused impairment of parasympathetic cardiac modulation, decreased HF power, and HRV [9,10,36]. It was supported that cardiac autonomic dysfunction caused by AAS use may induce arrhythmias and sudden cardiac death [10].



Regular endurance, resistance, and combined training improve BP levels in hypertensive patients [37]. The reduction of high BP with exercise training is mainly due to attenuation in peripheral vascular resistance, caused by a reduction in sympathetic nerve activity and an increase in arterial lumen diameters [38]. The relationship between cardiac sympathetic overactivity and its association with cardiovascular diseases, such as hypertension and heart failure, is well established [39]. Controversies exist concerning the effects of AAS on BP. Some investigators have observed increased BP in strength trainees using AAS, whereas others have not [1,2,5,6]. Neto et al. [8] supported that the high BP at rest was associated with increased sympathetic modulation and enhanced cardiac hypertrophy in bodybuilders using AAS [8]. In our study, a significant increase was found in SBP at rest and at maximum effort in AAS users, compared to nonusers and controls. A similar increase in SBP at rest and during maximal workload in athletes using AAS, compared to nonusers, was observed by D’Andrea et al. [40]. They suggested that AAS can also cause sodium and water retention, with a consequent increase in blood volume and pressure.



It is well known that exercise training causes cardiac structural and functional adaptations. The type (concentric or eccentric or mixed hypertrophy) depends on the type of exercise training (aerobic, strength, or mixed). Strength-trained athletes often demonstrate concentric type LV hypertrophy. That hypertrophy is benign, as associated with normal systolic and diastolic properties. The present study showed increased relative wall thickness and LV mass index in AAS users, compared to nonuser athletes. This reinforces that AAS enhances the LV hypertrophy observed in the strength-trained athletes as a cardiac adaptation to training. In similar studies, significant increases in posterior and septal wall thickness, LVM, and chamber diameter in AAS users, compared to nonuser strength-trained athletes, were reported [41,42,43]. Moreover, our results indicate that long-term AAS use may accelerate LV diastolic dysfunction, depending on the years of intake, which may be early identified with TDI use. Tissue Doppler imaging in the estimation of diastolic function in AAS users showed a significantly increased E/E’ average ratio and reduced early diastolic tissue velocities (septal E’ and lateral E’). Early subclinical impairment of both systolic and diastolic myocardial function, mightily associated with mean dosage and duration of AAS use, was noticed by D’Andrea et al. [40]. Notin et al. suggested that the decrease in LV relaxation properties might have been due to an alteration in the active properties of the myocardium since no wall thickening was obtained in AAS-using bodybuilders [44]. The impairment of LV function in long-term AAS users is an early indication of LV dysfunction and may be sufficient to increase the risk of heart failure [45]. An autopsy study of cardiac dimensions in 173 AAS users also demonstrated a significantly elevated cardiac mass [46]. This cardiac remodeling has similar characteristics to hypertrophic cardiomyopathy, showing a prevalence of cardiac fibrosis and impairment of systolic and diastolic LV function [46]. In an experimental study in rats, interstitial collagen increases, leading to loss of diastolic function [47]. It was suggested that high concentrations of AAS by activating cytoplasmic androgen receptors, cell membrane receptors, and secondary transmitters stimulate the renin–angiotensin–aldosterone system. Leading to an increased synthesis of myocardial fibers, LV hypertrophy, and hypertension [1]. In our study, no LV systolic function alteration was demonstrated in AAS users. On the contrary, Alizade et al. [48] reported that peak systolic right ventricle free wall strain and strain rate were reduced in bodybuilders using AAS. In former AAS users, impaired LV systolic function was also reported [49]. Other studies have reported no significant difference in cardiac dimensions and systolic and diastolic function between AAS users and nonuser weightlifters [50,51,52]. However, the assessment techniques play a certain role in the credibility of the findings. D’Andrea et al. supported that the strain rate imaging was a more sensitive technique that allowed more accurate evaluation of ventricular regional wall motion in AAS users than Doppler myocardial imaging and conventional ultrasound [40].



We demonstrated a correlation between early LV diastolic dysfunction indices and spontaneous BRS depression in athletes using AAS. The increased sympathetic activity in AAS users may be the link between diastolic dysfunction and BRS reduction. A similar correlation has not yet been described in the literature. An association between LV diastolic function and depressed BRS was demonstrated in different cardiovascular conditions, but the mechanism and causality were not established [53,54]. It was also reported that diastolic dysfunction evoked significant heart baroreflex impairment in hypertensive patients [29,55].



AAS abuse causes an increase in muscle mass, can speed up muscle recovery after intense training or injury, and allow users to train longer and harder. In an experimental study in rats, the administration of AAS increased the respiratory muscle mass and the diaphragm [56]. These effects on both skeletal and respiratory muscles may contribute to the improved performance observed in our AAS users. Thus, the cardiopulmonary test results showed that AAS users had significantly longer time to exhaustion by 11% and maximal oxygen uptake by 15.1%, compared to the nonuser athletes. Interestingly, aerobic capacity was positively correlated with LVMI. A few studies demonstrated that AAS increases endurance performance in athletes [51]. No significant correlations were found between cardiopulmonary testing indices and baroreflex sensitivity or HRV parameters in our athletes.



The results of our study should be interpreted in light of some limitations. The use of AAS was based on athletes’ reports, and the dose of AAS in each athlete was not quantified. We did not perform body composition measurements in the participants. Moreover, we did not measure the arterial stiffness involved in the whole mechanism of the BRS. Additionally, we did not use strain and strain rate imaging for the assessment of myocardial function. The parameters that could have influenced the autonomic activity, such as diet, stress, and environmental influence, were not measured. Finally, although we demonstrated a correlation between LV diastolic function indices and BRS in AAS users, we cannot support a cause–effect relationship.




5. Conclusions


Long-term AAS use in strength-trained athletes decreases BRS and short-term HRV. An improvement in aerobic capacity was found in AAS users, which was positively correlated with LVMI. An essential finding of the study is the correlation between early left ventricular diastolic dysfunction indices and reduced BRS in AAS users. The exact mechanism of this relationship should be explained in future, more extensive studies.







Author Contributions


Conceptualization, E.J.K., A.K., M.A.A. and A.P.D.; formal analysis, E.J.K., A.K., M.A.A. and A.P.D.; investigation, E.J.K., A.K. and M.A.A.; methodology, E.J.K., A.K. and M.A.A.; supervision, E.J.K. and A.P.D.; validation, E.J.K. and A.P.D.; writing—original draft preparation, E.J.K. and A.P.D.; writing—review and editing, E.J.K., M.A.A. and A.P.D. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Ethics Committee of Aristotle University (Approval Number EC-65321/2012, Thessaloniki, 16 July 2012).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available due to the privacy of included athletes.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Albano, G.; Amico, F.; Cocimano, G.; Liberto, A.; Maglietta, F.; Esposito, M.; Rosi, G.; Di Nunno, N.; Salerno, M.; Montana, A. Adverse effects of anabolic-androgenic steroids: A literature review. Healthcare 2021, 9, 97. [Google Scholar] [CrossRef] [PubMed]

	



Deligiannis, A.P.; Kouidi, E. Cardiovascular adverse effects of doping in sports. Hell. J. Cardiol. 2012, 53, 447–457. [Google Scholar]

	



Deligiannis, A.; Björnstad, H.; Carre, F.; Heidbüchel, H.; Kouidi, E.; Panhuyzen-Goedkoop, N.M.; Pigozzi, F.; Schänzer, W.; Vanhees, L. ESC study group of sports cardiology position paper on adverse cardiovascular effects of doping in athletes. Eur. J. Cardiovasc. Prev. Rehabil. 2006, 13, 687–694. [Google Scholar] [CrossRef]

	



Torrisi, M.; Pennisi, G.; Russo, I.; Amico, F.; Esposito, M.; Liberto, A.; Cocimano, G.; Salerno, M.; Rosi, G.L.; Di Nunno, N.; et al. Sudden cardiac death in anabolic-androgenic steroid users: A literature review. Medicina 2020, 56, 587. [Google Scholar] [CrossRef] [PubMed]

	



Liu, J.; Wu, Y.-Q. Anabolic-androgenic steroids and cardiovascular risk. Chin. Med. J. 2019, 132, 2229–2236. [Google Scholar] [CrossRef]

	



Perry, J.C.; Schuetz, T.M.; Memon, M.D.; Faiz, S.; Cancarevic, I. Anabolic steroids and cardiovascular outcomes: The controversy. Cureus 2020, 12, e9333. [Google Scholar] [CrossRef]

	



Münster, A.-M.B.; Gram, J.; Sidelmann, J.J.; Chang, S. Anabolic androgenic steroid abuse: The effects on thrombosis risk, coagulation, and fibrinolysis. Semin. Thromb. Hemost. 2018, 44, 734–746. [Google Scholar] [CrossRef] [PubMed]

	



Neto, O.B.; da Mota, G.R.; De Sordi, C.C.; Resende, E.A.M.; Resende, L.A.P.; da Silva, M.A.V.; da Silva, V.J.D. Long-term anabolic steroids in male bodybuilders induce cardiovascular structural and autonomic abnormalities. Clin. Auton. Res. 2018, 28, 231–244. [Google Scholar] [CrossRef]

	



Marocolo, M.; Katayama, P.L.; Meireles, A.; Neto, O.B. Combined effects of exercise training and high doses of anabolic steroids on cardiac autonomic modulation and ventricular repolarization properties in rats. Can. J. Physiol. Pharmacol. 2019, 97, 1185–1192. [Google Scholar] [CrossRef] [PubMed]

	



Beutel, A.; Bergamaschi, C.T.; Campos, R.R. Effects of chronic anabolic steroid treatment on tonic and reflex cardiovascular control in male rats. J. Steroid. Biochem. Mol. Biol. 2005, 93, 43–48. [Google Scholar] [CrossRef]

	



Bissoli, N.S.; Medeiros, A.R.S.; Santos, M.C.S.; Busato, V.C.W.; Jarske, R.D.; Abreu, G.R.; de Andrade, T.U. Long-term treatment with supraphysiological doses of nandrolone decanoate reduces the sensitivity of Bezold–Jarisch reflex control of heart rate and blood pressure. Pharmacol. Res. 2009, 59, 379–384. [Google Scholar] [CrossRef] [PubMed]

	



Engi, S.; Cruz, F.; Leão, R.; Corrêa, F.; Planeta, C.; Crestani, C. Effect of the single or combined administration of cocaine and testosterone on cardiovascular function and baroreflex activity in unanesthetized rats. J. Cardiovasc. Pharmacol. 2012, 59, 231–240. [Google Scholar] [CrossRef]

	



Dos Santos, M.R.; Sayegh, A.L.; Armani, R.; Costa-Hong, V.; De Souza, F.R.; Toschi-Dias, E.; Bortolotto, L.A.; Yonamine, M.; Negrão, C.E.; Alves, M.-J.N. Resting spontaneous baroreflex sensitivity and cardiac autonomic control in anabolic androgenic steroid users. Clinics 2018, 73, e226. [Google Scholar] [CrossRef]

	



Lang, R.M.; Badano, L.P.; Mor-Avi, V.; Afilalo, J.; Armstrong, A.; Ernande, L.; Flachskampf, F.A.; Foster, E.; Goldstein, S.A.; Kuznetsova, T.; et al. Recommendations for cardiac chamber quantification by echocardiography in adults: An update from the American Society of Echocardiography and the European Association of Cardiovascular Imaging. J. Am. Soc. Echocardiogr. 2015, 28, 1–39. [Google Scholar] [CrossRef]

	



Nagueh, S.F.; Appleton, C.P.; Gillebert, T.C.; Marino, P.N.; Oh, J.K.; Smiseth, O.A.; Evangelisa, A. Recommendations for the evaluation of left ventricular diastolic function by echocardiography: An update from the American Society of Echocardiography and the European Association of Cardiovascular Imaging. J. Am. Soc. Echocardiogr. 2016, 29, 277–314. [Google Scholar] [CrossRef] [PubMed]

	



Subramanian, S.K.; Sharma, V.K.; Arunachalam, V.; Rajendran, R.; Gaur, A. Comparison of baroreflex sensitivity and cardiac autonomic function between adolescent athlete and non-athlete boys. a cross-sectional study. Front. Physiol. 2019, 10, 1043. [Google Scholar] [CrossRef]

	



La Rovere, M.T.; Pinna, G.D. Beneficial effects of physical activity on baroreflex control in the elderly. Ann. Noninvasive Electrocardiol. 2014, 19, 303–310. [Google Scholar] [CrossRef]

	



Monahan, K.D.; Dinenno, F.A.; Tanaka, H.; Clevenger, C.M.; Desouza, C.A.; Seals, D.R. Regular aerobic exercise modulates age-associated declines in cardiovagal baroreflex sensitivity in healthy men. J. Physiol. 2000, 529, 263–271. [Google Scholar] [CrossRef] [PubMed]

	



Petraki, M.; Kouidi, E.; Grekas, D.; Deligiannis, A. Effects of exercise training during hemodialysis on cardiac baroreflex sensitivity. Clin. Nephrol. 2008, 70, 210–219. [Google Scholar] [CrossRef]

	



Galbreath, M.M.; Shibata, S.; Vangundy, T.B.; Okazaki, K.; Fu, Q.; Levine, B.D. Effects of exercise training on arterial-cardiac baroreflex function in POTS. Clin. Auton. Res. 2011, 21, 73–80. [Google Scholar] [CrossRef] [PubMed]

	



Chesterton, L.; Sigrist, M.; Bennett, T.; Taal, M.; McIntyre, C. Reduced baroreflex sensitivity is associated with increased vascular calcification and arterial stiffness. Nephrol. Dial. Transpl. 2005, 20, 1140–1147. [Google Scholar] [CrossRef]

	



Pinna, G.D.; Maestri, R.; La Rovere, M.T. Assessment of baroreflex sensitivity from spontaneous oscillations of blood pressure and heart rate, proven clinical value? Physiol. Meas. 2015, 36, 741–753. [Google Scholar] [CrossRef] [PubMed]

	



Davydov, D.; Shapiro, D.; Cook, I.; Goldstein, I. Baroreflex mechanisms in major depression. Prog. Neuropsychopharmacol. Biol. Psychiatry 2007, 31, 164–177. [Google Scholar] [CrossRef]

	



Lantelme, P.; Khettab, F.; Custaud, M.A.; Rial, M.O.; Joanny, C.; Gharib, C.; Milton, H. Spontaneous baroreflex sensitivity: Toward an ideal index of cardiovascular risk in hypertension? J. Hypertens. 2002, 20, 935–944. [Google Scholar] [CrossRef] [PubMed]

	



Skrapari, I.; Tentolouris, N.; Katsilambros, N. Baroreflex function: Determinants in healthy subjects and disturbances in diabetes, obesity and metabolic syndrome. Curr. Diabetes Rev. 2006, 2, 329–338. [Google Scholar] [CrossRef] [PubMed]

	



Lazarova, Z.; Tonhajzerova, I.; Trunkvalterova, Z.; Brozmanova, A.; Honzikova, N.; Javorka, K.; Javorka, M. Baroreflex sensitivity is reduced in obese normotensive children and adolescents. Can. J. Physiol. Pharmacol. 2009, 87, 565–571. [Google Scholar] [CrossRef] [PubMed]

	



Dampney, R. Resetting of the baroreflex control of sympathetic vasomotor activity during natural behaviors: Description and conceptual model of central mechanisms. Front. Neurosci. 2017, 11, 461. [Google Scholar] [CrossRef]

	



Sharman, J.E.; Boutouyrie, P.; Perier, M.C.; Thomas, F.; Guibout, C.; Khettab, H.; Empana, J.P. Impaired baroreflex sensitivity, carotid stiffness, and exaggerated exercise blood pressure: A community-based analysis from the Paris Prospective Study III. Eur. Heart J. 2018, 39, 599–606. [Google Scholar] [CrossRef]

	



Makowski, K.; Gielerak, G.; Kramarz, E.; Wierzchoń, S.; Kaminski, G.; Kowal, J.; Krzesiński, P.; Zegadło, A.; Skrobowski, A. Left ventricular diastolic dysfunction is associated with impaired baroreflex at rest and during orthostatic stress in hypertensive patients with left ventricular hypertrophy. J. Human Hypertens. 2013, 27, 465–473. [Google Scholar] [CrossRef]

	



Mortara, A.; La Rovere, M.T.; Pinna, G.D.; Prpa, A.; Maestri, R.; Febo, O.; Pozzoli, M.; Opasich, C.; Tavazzi, L. Arterial Baroreflex Modulation of Heart Rate in Chronic Heart Failure. Circulation 1997, 96, 3450–3458. [Google Scholar] [CrossRef]

	



Sayegh, A.L.C.; Dos Santos, M.R.; Sarmento, A.O.; de Souza, F.R.; Salemi, V.M.; Hotta, V.T.; Alves, M.J.D.N.N. Cardiac and peripheral autonomic control in restrictive cardiomyopathy. ESC Heart Fail. 2017, 4, 341–350. [Google Scholar] [CrossRef]

	



Malpas, S.C. Sympathetic nervous system overactivity and its role in the development of cardiovascular disease. Physiol. Rev. 2010, 90, 513–557. [Google Scholar] [CrossRef]

	



Monda, M.; De Luca, V.; Vicidomini, C.; Viggiano, E.; Devastato, A.; Luca, B.; Viggiano, A. Sedentary behavior affects the cardiovascular autonomic regulation. Sedentary Behaviour. Physiol. Health Risks Interv. 2011, 169–174. [Google Scholar]

	



Deligiannis, A.; Kouidi, E.; Tourkantonis, A. The effects of physical training on heart rate variability in hemodialysis patients. Am. J. Cardiol. 1999, 84, 197–202. [Google Scholar] [CrossRef]

	



Kouidi, E.; Haritonidis, K.; Koutlianos, N.; Deligiannis, A. Effects of athletic training on heart rate variability. Clin. Physiol. Funct. Image 2002, 22, 279–284. [Google Scholar] [CrossRef]

	



Pereira-Junior, P.; Chaves, E.; Costa-e-Sousa, R.; Masuda, M.; de Carvalho, A.; Nascimento, J. Cardiac autonomic dysfunction in rats chronically treated with anabolic steroid. Eur. J. Appl. Physiol. 2006, 96, 487–494. [Google Scholar] [CrossRef]

	



Cornelissen, V.A.; Smart, N.A. Exercise training for blood pressure, a systematic review and meta-analysis. J. Am. Heart Assoc. 2013, 2, e004473. [Google Scholar] [CrossRef]

	



Hegde, S.; Solomon, S. Influence of physical activity on hypertension and cardiac structure and function. Curr. Hypertens. Rep. 2015, 17, 77–90. [Google Scholar] [CrossRef]

	



Joca, H.; Santos-Miranda, A.; Joviano-Santos, J.; Maia-Joca1, R.; Brum, P.; Williams, G.; Cruz, J. Chronic Sympathetic Hyperactivity Triggers Electrophysiological Remodeling and Disrupts Excitation-Contraction Coupling in Heart. Nat. Sci. Rep. 2020, 10, 8001. [Google Scholar] [CrossRef]

	



D’Andrea, A.; Caso, P.; Salerno, G.; Scarafile, R.; De Corato, G.; Mita, C.; Di Salvo, G.; Severino, S.; Cuomo, S.; Liccardo, B.; et al. Left ventricular early myocardial dysfunction after chronic misuse of anabolic androgenic steroids: A Doppler myocardial and strain imaging analysis. Br. J. Sports Med. 2007, 41, 149–155. [Google Scholar] [CrossRef]

	



Deligiannis, A.; Mandroukas, K. Noninvasive cardiac evaluation of weightlifters using anabolic steroids. Scand. J. Med. Sci. Sports 1992, 3, 37–40. [Google Scholar] [CrossRef]

	



Dickerman, R.D.; Schaller, F.; McConathy, W.J. Left ventricular wall thickening does occur in elite power athletes with or without anabolic steroid use. Cardiology 1998, 90, 145–148. [Google Scholar] [CrossRef]

	



Achar, S.; Rostamian, A.; Narayan, S. Cardiac and metabolic effects of anabolic-androgenic steroid abuse on lipids, blood pressure, left ventricular dimensions, and rhythm. Am. J. Cardiol. 2010, 106, 893–901. [Google Scholar] [CrossRef]

	



Nottin, S.; Nguyen, L.D.; Terbah, M.; Obert, P. Cardiovascular effects of androgenic anabolic steroids in male bodybuilders determined by tissue Doppler imaging. Am. J. Cardiol. 2006, 97, 912–915. [Google Scholar] [CrossRef]

	



Baggish, A.L.; Weiner, R.B.; Kanayama, G.; Hudson, J.I.; Picard, M.H.; Hutter, A.M.; Pope, H.G. Long-term anabolic androgenic steroid use is associated with left ventricular dysfunction. Circ. Heart Fail. 2010, 3, 472–476. [Google Scholar] [CrossRef] [PubMed]

	



Far, H.R.M.; Ågren, G.; Thiblin, I. Cardiac hypertrophy in deceased users of anabolic androgenic steroids: An investigation of autopsy findings. Cardiovasc. Pathol. 2012, 21, 312–316. [Google Scholar] [CrossRef]

	



Do Carmo, E.C.; Rosa, K.T.; Koike, D.C.; Fernandes, T.; Silva Junior, N.D.D.; Mattos, K.C.; Oliveira, E.M.D. Association between anabolic steroids and aerobic physical training leads to cardiac morphological alterations and loss of ventricular function in rats. Rev. Bras. Med. Esporte 2011, 17, 2. [Google Scholar]

	



Alizade, E.; Avci, A.; Tabakcı, M.M.; Toprak, C.; Zehir, R.; Acar, G.; Pala, S. Comparison of right ventricle systolic function between long-term anabolic-androgenic steroid user and non-user bodybuilder athletes: A study of two-dimensional speckle tracking echocardiography. Echocardiography 2016, 33, 1178–1185. [Google Scholar] [CrossRef]

	



Rasmussen, J.J.; Schou, M.; Madsen, P.L.; Selmer, C.; Johansen, M.L.; Ulriksen, P.S.; Dreyer, T.; Kümler, T.; Plesner, L.L.; Faber, J.; et al. Cardiac systolic dysfunction in past illicit users of anabolic androgenic steroids. Am. Heart J. 2018, 203, 49–56. [Google Scholar] [CrossRef] [PubMed]

	



Hartgens, F.; Cheriex, E.C.; Kuipers, H. Prospective echocardiographic assessment of androgenic-anabolic steroids effects on cardiac structure and function in strength athletes. Int. J. Sports Med. 2003, 24, 344–351. [Google Scholar]

	



Hartgens, F.; Kuipers, H. Effects of androgenic-anabolic steroids in athletes. Sports Med. 2004, 34, 513–554. [Google Scholar] [CrossRef]

	



Urhausen, A.; Albers, T.; Kindermann, W. Are the cardiac effects of anabolic steroid abuse in strength athletes reversible? Heart 2004, 90, 496–501. [Google Scholar] [CrossRef]

	



Grassi, G.; Seravalle, G.; Quarti-Trevano, F.; Dell’Oro, R.; Arenare, F.; Spaziani, D.; Mancia, G. Sympathetic and baroreflex cardiovascular control in hypertension-related left ventricular dysfunction. Hypertension 2009, 53, 205–209. [Google Scholar] [CrossRef] [PubMed]

	



Milan, A.; Caserta, M.A.; Del Colle, S.; Dematteis, A.; Morello, F.; Rabbia, F.; Mulatero, P.; Pandian, N.G.; Veglio, F. Baroreflex sensitivity correlates with left ventricular morphology and diastolic function in essential hypertension. J. Hypertens. 2007, 25, 1655–1664. [Google Scholar] [CrossRef] [PubMed]

	



Makowski, K.; Kramarz, E.; Kamiński, G.; Grzęda, M.; Kramarz, P.; Kade, G. Left ventricular end-diastole hemodynamics is strongly associated with spontaneous cardiac baroreflex in humans. Clin. Exp. Hypertens. 2017, 39, 619–627. [Google Scholar] [CrossRef] [PubMed]

	



Lewis, M.I.; Fournier, M.; Yeh, A.Y.; Micevych, P.E.; Sieck, G.C. Alteration in diaphragm contractility after nandrolone administration: An analysis of potential mechanisms. J. Appl. Physiol. 1999, 86, 985–992. [Google Scholar] [CrossRef] [PubMed]








[image: Ijerph 18 06974 g001 550] 





Figure 1. An example of tissue Doppler recordings of lateral (a) and septal (b) annular velocities from an athlete in group A. 
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Table 1. Physical characteristics of the study population (mean ± S.D.).
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	Groups
	A
	B
	C





	Age (years)
	27.4 ± 8.6
	26.9 ± 7.8
	27.1 ± 5.6



	Height (cm)
	1.75 ± 0.08
	1.74 ± 0.08
	1.76 ± 0.07



	Weight (kg)
	81.5 ± 15.2
	81.3 ± 10.9
	80.1 ± 8.1



	BMI
	26.6 ± 2.6
	26.2 ± 2.3
	25.9 ± 2.2



	Training age (years)
	10.3 ± 3.3
	10.1 ± 3.6
	-



	Duration of AAS use (years)
	4.3 ± 0.5
	
	-







A: AAS users; B: nonusers; C: controls; BMI: body mass index; AAS: androgen–anabolic steroids.
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Table 2. Results from the cardiopulmonary exercise testing (mean ± S.D.).
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	Groups
	A
	B
	C





	HRrest (beats/min)
	73.1 ± 12.1
	72.5 ± 11.3
	72.5 ± 9.3



	HRmax(beats/min)
	184.0 ± 11.3
	184.7 ± 13.5
	180.0 ± 11.7



	SBPrest (mmHg)
	127.0 ± 6.7 a,b
	116.7 ± 8.0
	118.2 ± 9.2



	SBPmax (mmHg)
	174.0 ± 13.3 a,b
	162.9 ± 14.6
	160.0 ± 12.3



	DBPrest (mmHg)
	75.7 ± 9.9
	76.7 ± 9.1
	77.2 ± 5.7



	DBPmax (mmHg)
	75.0 ± 7.8
	75.0 ± 8.8
	76.3 ± 6.6



	ExTime
	12.1 ± 1.1 a,b
	10.9 ± 1.2
	10.3 ± 0.9



	VO2max (mL/kg/min)
	46.6 ± 6.4 a,b
	40.5 ± 7.1
	39.4 ± 6.1



	VE max (L/min)
	107.7 ± 20.0
	108.6 ± 19.4
	109.1 ± 18.2







A: AAS users; B: nonusers; C: controls; a p < 0.05 A versus B; b p < 0.05 A versus C; HR: heart rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; ExTime: exercise time; VO2 max: maximum oxygen consumption; VEmax: maximum ventilation.
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Table 3. Results of the Baroreflex sensitivity and HRV assessments (mean ± S.D.).






Table 3. Results of the Baroreflex sensitivity and HRV assessments (mean ± S.D.).





	Groups
	A
	B
	C





	BRS (ms/mmHg)
	9.4 ± 2.3 a,b
	10.9 ± 1.8
	11.2 ± 1.9



	BEI (%)
	65.7 ± 10.4 a,b
	73.6 ± 9.2
	70.2 ± 10.3



	Ramp Count
	333.6 ± 74.3
	369.3 ± 74.9
	355.5 ± 61.7



	Event Count
	172.1 ± 55.6
	182.7 ± 45.5
	176.5 ± 54.3



	HFnu-RRI (%)
	19.4 ± 4.7
	20.5 ± 4.1
	21.3 ± 4.3



	LFnu-RRI (%)
	97.5 ± 8.3 a,b
	78.5 ± 8.7
	76.4 ± 8.8



	LF/HF ratio
	6.9 ± 3.9 a,b
	5.5 ± 3.6 c
	4.7 ± 3.7







A: AAS users; B: nonusers; C: controls; a p < 0.05 A versus B; b p < 0.05 A versus B; c p < 0.05 B versus C; BRS: baroreflex sensitivity; BEI: baroreflex effectiveness index; HFnu–RRI: high-frequency spectral component of the R–R interval using normalized units; LFnu–RRI: low-frequency spectral component of the R–R interval using normalized units; LF/HF ratio: low-frequency/high-frequency ratio.
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Table 4. Echocardiographic results (mean ± S.D.).
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	Groups
	A
	Β
	C





	IVSd (mm)
	12.2 ± 1.6 b
	11.8 ± 1.1
	10.6 ± 1.0



	PWd(mm)
	11.9 ± 1.4
	11.5 ± 1.3
	9.8 ± 1.3



	LVEDD (mm)
	51.8 ± 3.8
	50.2 ± 4.3
	49.9 ± 3.7



	LVM (g)
	227.0 ± 27.6 a,b
	208.7 ± 28.3 c
	164.0 ± 17.3



	LVMI(g/m2)
	115.2 ± 6.3 a,b
	105.8 ± 5.8 c
	82.8 ± 5.4



	RWT (cm)
	0.43 ± 0.05 b
	0.44 ± 0.05 c
	0.37 ± 0.04



	EF (%)
	62.7 ± 5.2
	62.3 ± 5.0
	62.9 ± 5.7



	LAVi (ml/m2)
	30.7 ± 1.8 b
	28.2 ± 2.1
	25.1 ± 1.9



	TR peak velocity (m/s)
	1.3 ± 0.2 b
	1.1 ± 0.2
	0.9 ± 0.2



	MVE (cm/s)
	73.8 ± 3.9
	75.0 ± 3.2
	72.1 ± 3.5



	MVA (cm/s)
	44.2 ± 2.1
	45.1 ± 2.0
	46.3 ± 1.9



	E/A
	1.65 ± 0.29
	1.67 ± 0.28
	1.52 ± 0.30



	E/E’ aver
	9.24 ± 1.42 a,b
	7.00 ± 0.9
	5.76 ± 0.8



	Septal E’ velocity (cm/s)
	6.2 ± 0.70 a,b
	10.0 ± 0.9
	11.1 ± 0.82



	Septal A’ velocity (cm/s)
	5.6 ± 0.6
	6.7 ± 0.6
	7 ± 0.7



	Lateral E’ velocity (cm/s)
	9.1 ± 0.6 a,b
	13.4 ± 0.5
	14 ± 0.5



	Lateral A’ velocity (cm/s)
	7.1 ± 0.5
	7.9 ± 0.6 c
	8 ± 0.7







A: AAS users; B: nonusers; C: controls; a p < 0.05 A versus B; b p < 0.05 A versus C; c p < 0.05 B versus C; IVSd: septal wall thickness in diastole; PWd: posterior wall thickness in diastole; LVEDD: LV end diastolic diameter; LV mass: left ventricular mass; LVMI: LV mass index; RWT: relative wall thickness; EF: ejection fraction; LAVi: LA maximal volume index; TR: tricuspid regurgitation systolic jet velocity; MVE: mitral peak E-wave velocity; MVA: mitral peak A-wave velocity; Septal E’ velocity: mitral annular early diastolic peak E –wave velocity in septum; Septal A’: mitral annular late diastolic peak A –wave velocity in septum; Lateral E’: mitral annular early diastolic peak E –wave velocity in the lateral wall; Lateral A’: mitral annular late diastolic peak A –wave velocity in the lateral wall; E/E’ aver = ratio of the early diastolic transmitral flow velocity to the average of septal and lateral early diastolic mitral annular velocity.
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