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ABSTRACT

Esco MR, Williford HN. Cardiovascular Autonomic Modulation in Collegiate Male Basketball Players. JEPonline 2011;14(1):35-42.  The purpose of this study was to investigate cardiovascular-autonomic modulation in collegiate male basketball players by comparison to physically fit, non-athletic controls.  Short-term resting heart rate variability (HRV) and heart rate recovery following maximal treadmill exercise (HRR) was examined across two groups as follows: 17 male collegiate basketball (B) players (21.5 ± 2.2 years, 188.9 ± 4.5 cm, 85.3 ± 9.7 kg, 46.2 ± 6.9 ml.kg-1.min-1); and 17 college-age male controls (C) (21.8 ± 2.1 years, 184.2 ± 3.2 cm, 84.3 ± 9.7, 46.1 ± 6.8 ml.kg-1.min-1).  The following frequency domain parameters of HRV were recorded: normalized high frequency power (HFnu), and low frequency to high frequency power ratio (LF:HF).  Heart rate recovery was recorded at 1- (HRR1) and 2- (HRR2) minutes during a cool-down period.  The statistical findings showed that the B group had significantly higher HFnu (48.5 ± 14.6 ms2 for B versus 34.2 ± 14.8 ms2 for C, p < 0.05), HRR1 (20.7 ± 6.1 beats.min-1 for B versus 16.5 ± 5.6 beats.min-1 for C, p < 0.05), HRR2 (HRR2 = 44.1 ± 10.3 beats.min-1 for B versus 36.4 ± 9.0 beats.min-1 for C, p < 0.05) and significantly lower LF:HF (1.1 ± 0.6 for B versus 2.4 ± 1.0 for C, p < 0.01), compared to the C group.  The results indicate a superior cardiovascular-autonomic profile in basketball players, which could be a potential mechanism to explain the decreased cardiovascular disease risks in these athletes.  Thus, participation in competitive basketball could possibly improve cardiovascular autonomic modulation.  
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INTRODUCTION

Physical exertion challenges the autonomic nervous system’s (ANS) control of the cardiovascular system.  For instance, at rest, the heart’s activity is primarily regulated by the parasympathetic vagal branch of the ANS.  During exercise, the increase in heart rate and stroke volume to meet the metabolic demands of active skeletal muscles has two phases: a rapid tachycardia due to vagal withdrawal followed by sympathetic dominance (10).  Immediately following a bout of exercise, heart rate decays toward a resting level primarily due to sympathetic withdrawal subsequent to the return of vagal activity (6,9,14).  

Heart rate recovery (HRR) following exercise and resting heart rate variability (HRV) are two non-invasive tools used to evaluate ANS function.  While traditionally assessed in clinical settings due to their relationships with cardiovascular disease and sudden death (8,15,19,21,22,24), HRR and HRV have important implications for understanding strength and conditioning.  They have been shown to predict aerobic fitness, are beneficial in exercise prescription, can assist with evaluating the outcomes of exercise training, and are able to predict incidences of overtraining (4,13,14,16-18). 

It is accepted that participation in athletic sports improves physical fitness and decreases the risk of cardiovascular disease and mortality (2).  One reason for this is that exercise conditioning improves the actions of the ANS, thus enhancing HRR and HRV (2,23).  Most of the research in this area is focused on aerobic and endurance trained individuals or programs, suggesting that an improved aerobic fitness level is related to faster HRR and enhanced HRV indexes (2).  However, research examining cardiovascular-autonomic profile in athletes whose sport involves a mixed metabolic contribution from aerobic and anaerobic energy systems, such as basketball, has not been fully explored.  Therefore, the purpose of this study was to investigate HRV at rest and HRR after maximal exercise in collegiate male basketball players by comparison to physically fit, non-athletic controls.  The basketball athletes and controls were matched for maximal aerobic fitness.  Due to this matching, it was hypothesized that there would be no significant difference in HRR or HRV between the athletes and controls. 
 
METHODS	
Subjects
Participants were recruited from the University’s National Association for Intercollegiate Athletics (NAIA) basketball team, physical education classrooms, and by word of mouth.  There were 17 male basketball players (B group) and 17 male physically active subjects (C group) who volunteered for this study, which was approved by the University’s Institutional Review Board for research involving human subjects.  Descriptive statistics are presented in Table 1.  All data were collected on one visit to the laboratory.  Each subject provided appropriate written informed consent.  All of the subjects were apparently healthy, free from cardiopulmonary, metabolic, and/or orthopedic disorders, and were not taking any prescription or over-the-counter medications.  Before each visit to the laboratory, the subjects were instructed to not consume alcoholic beverages or sympathomimetic agents 12 hours prior to testing, to not eat at least 3 hours prior to testing, and to avoid vigorous exercise for at least 24 hours prior the testing procedures.  

After the screening procedures, each subject had height (to the nearest 0.1 cm) measured with a wall mounted stadiometer (SECA) and body weight (to the nearest 0.1 kg) measured with a digital scale (TANITA BWB-800A).  Body mass index (BMI) was calculated from the data as weight divided by height squared (kg.m-2).  Then, body fat percentage was estimated via the 7-site skinfold method as described by written standards (1).  

Procedures
Heart Rate Variability 
For HRV analysis, each subject was instructed to lay supine on an athletic training table in a dimly lit climate controlled laboratory for a 10-minute period.  During this time, the subject’s heart rate was assessed via electrocardiography (ECG).  Three Ag/AgCl electrodes were placed on the across the subject’s torso in a Lead II configuration.  The electrodes were interfaced with a Biopac MP100 data acquisition system (Goletta, CA) and all data were stored in a Dell PC for analysis.  

All HRV analyses were carried out during the last 5-minute epoch of the ECG, in accordance with written guidelines for HRV assessment (25).  The frequency domain analysis of HRV was used because of its ability to accurately assess HRV during short-term recordings (25).  Specialized HRV software (Nevrokard version 11.0.2, Izola, Slovenia) was used to transform the ECG into a power spectrum via fast Fourier transformation.  High frequency component of the power spectrum (0.15 – 0.40 Hz) was normalized (HFnu) and recorded.  The low frequency to high frequency ratio (LF:HF) was recorded and included in the data analysis. The HFnu was used to represent parasympathetic modulation, while the LF:HF was used to represent sympathetic to parasympathetic balance (25).  

Maximal Oxygen Consumption (VO2 max)
After the HRV measures were complete, each subject performed a maximal graded exercise test on a treadmill (Parker Co., Opelika, AL) via the Bruce protocol.  During each exercise test a series of 3-minute stages with progressively increased workloads was performed until the subjects achieved VO2 max.  Maximal oxygen consumption was reached if two of the following criteria occurred: a plateau in VO2 with increasing work rate; RER > 1.15; heart rate within 10 beats of age predicted maximum (220 – age); or volitional fatigue.  Once the subject achieved VO2 max, a 3-minute cool-down period was allowed with the speed of the treadmill decreased to 2.5 mph at a 1.5% grade.   During the test, an Applied Electrochemistry (AMETEK, Pittsburg, PA) metabolic analyzer was used to continuously measure the concentration of expired gases (oxygen and carbon dioxide) with a pneumotach.  Data was recorded every 30-seconds using Turbofit 5.06 software (VACUMED, Ventura, CA) and stored on a personal computer for analysis.  

Heart Rate Recovery
Heart rate was monitored continuously during the exercise test with ECG.  Maximal heart rate (MHR), and the heart rates at 1- and 2-minutes of the cool-down period were recorded.  The heart rates at the 1-minute and the 2-minute cool-down were subtracted from MHR to represent the 1-minute (HRR1) and the 2-minute (HRR2) heart rate recovery, respectfully.

Statistical Analyses
Subject data were entered into SPSS 16.0 for statistical analysis.  Means (± SD) were determined separately for each group for the following descriptive statistics: age (years), height (cm), weight (kg), BMI (kg.m-2), predicted percent body fat (%), and VO2 max (ml . kg-1 . min-1).  A one-way analysis of variance (ANOVA) was used to compare group differences in HRR1, HRR2, HFnu, and LF:HF.  Statistical significance for all tests was set at p < 0.05.

RESULTS
There were no significant differences in the descriptive statistics found between the B and C groups (Table 1).  Figures 1 and 2 represent the mean differences in the HRR and HRV variables between the groups.  The values for HRR1, HRR2, HFnu, and LF:HF between the two groups were as follows: HRR1 = 20.7 ± 6.1 beats.min-1 for B, 16.5 ± 5.6 beats.min-1 for C (p < 0.05, Figure 1), HRR2 = 44.1 ± 10.3 beats.min-1 for B, 36.4 ± 9.0 beats.min-1 for C (p < 0.05, Figure 1), HFnu = 48.5 ± 14.6 ms2 for B, 
	Table 1.  Descriptive statistics (Mean ± SD) for the 
basketball players (B) and control group (C).

	
	   B (n = 17)
	   C (n = 17)

	Age (yrs)
	  21.5 ± 2.2
	  21.8 ± 2.1

	Height	(cm)
	188.9 ± 4.5
	188.9 ± 4.5

	Weight (kg)
	  85.3 ± 9.7
	  84.3 ± 9.7

	BMI (kg.m-2)
	  23.9 ± 2.2
	  24.0 ± 3.0

	BF (%)
VO2max (ml.kg-1.min-1)	
	    7.5 ± 3.1
  46.2 ± 6.9
	    8.3 ± 3.9
  46.1 ± 6.8





34.2 ± 14.8 ms2 for C (p < 0.01, Figure 2), and LF:HF = 1.1 ± 0.6 for B, and 2.4 ± 1.0 for C (p < 0.01, Figure 2). According to the one-way ANOVA, the cardiovascular-autonomic measures were significantly different between the groups.  The 1-minute (HRR1), 2-minute (HRR2), and normalized high frequency power (HFnu) were significantly higher and the low frequency to high frequency power ratio (LF:HF) was significantly lower in B compared to C (p < 0.05).  


DISCUSSION
Heart rate recovery and HRV are two non-invasive methods that are commonly used to evaluate parasympathetic and sympathetic influence to the cardiovascular system.  The primary interest of both variables is their prognostic value of predicting premature cardiovascular disease and sudden cardiovascular death (8,14,24).  However, they are now being assessed in applied settings related to strength and conditioning and exercise physiology due to their ability to monitor exercise training status (4,5,14,17,18).  The purpose of this study was to compare HRR and HRV between collegiate male basketball players to physically active controls.  The results indicate that the basketball players have a superior cardiovascular-autonomic profile.  Since HRV and HRR are non-invasive predictors of premature cardiovascular disease, the results support previous research showing lower cardiovascular disease risks in athletes compared to non-athletes (2,23).
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Figure 1.  The heart rate recovery values between the basketball players (B) and control group (C).  HRR1 = 1-minute heart rate recovery; HRR2 = 2-minute heart rate recovery.  *HRR1 and HRR2 were significantly higher in B compared to C (p < 0.05).




The findings of increased autonomic regulation in athletes have been previously reported.  In comparison to non-athletes, many studies have shown HRV and HRR to be higher and faster, respectfully, primarily in endurance trained athletes (2,11,23,25).  For example, the results of an early cross-sectional study (11) found that 24-hour HRV was greater in endurance-trained men (VO2 max > 55 ml . kg-1 . min-1) compared to untrained men (VO2 max < 40 ml . kg-1 . min-1).  In another study, Shin et al. (23) compared ANS activity between long distance athletes and sedentary controls.  They found significantly higher HF power in the athletes (23).  Anaerobically trained athletes have also been shown to have superior HRV and HRR profiles compared to sedentary subjects.  In addition, evidence is available to suggest no significant differences in either HRR (20) or HRV (3,25) between endurance and strength trained athletes.  

The athletes in the abovementioned studies appear to also have lower resting heart rates and higher VO2 max values compared to their counterparts.  An interesting finding of the current investigation is that there was no significant difference in VO2 max, or any other descriptive statistic that is independently related to ANS function, such as resting heart rate and body fat percentage.  However, the B group had significantly better values of cardiovascular-autonomic modulation (i.e., higher HRR1, HRR2, and HFnu, and lower LF:HF).  Due to these findings, perhaps, there are other physical fitness factors related to basketball participation not accounted for in the present study that may lead to improved ANS control of the cardiovascular system.
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Figure 2.  The heart rate variability (HRV) parameters between the basketball players (B) and control group (C).  HFnu = high frequency power of HRV; LF:HF = high frequency power to low frequency power of HRV.  HFnu was significantly higher while LF:HF was significantly lower in B compared to C (p < 0.05).


One possible explanation of the findings in the present study may be due to the type of training that basketball players are typically exposed to.  The physiological requirements of basketball are met by aerobic and anaerobic metabolic pathways (19).  However, the activities that comprise the crucial components of the game are short, interval bouts of movement, which are primarily anaerobic (12).  These activities (such as explosive jumping and sprinting down the court are followed by periods of lower intensity and recovery) make basketball participation similar to high intensity interval training.  At the onset of physical exertion, there is a shift in the ANS toward sympathetic dominance.  Immediately at the cessation of an intense bout of activity, or a drastic decrease in intensity, heart rate returns toward resting levels due to a prompt return of vagal tone.  When repeated bouts of exertion are interspersed with periods of moderately intense activity over an extended period, such as during a basketball game or practice, the ANS must continually make adjustments to control the heart’s activity.  Thus, it seems reasonable that the type of repetitive activity that is pivotal to basketball performance, (i.e., intense intermittent anaerobic bouts), leads to significant improvements in cardiovascular-autonomic modulation.  

The cross-sectional nature of the current study limits the ability to extrapolate the findings to hypothetical results from long-term training protocols.  However, other investigators have shown improvements in ANS function following interval-based training.  For instance, post-exercise parasympathetic reactivation was shown to be improved in adolescents following a 9-week high intensity interval training protocol that consisted of 15- to 20-second running intervals at 95% of maximal speed, followed by equal time periods of rest (6).  In the same study, repeated sprints ability was significantly correlated with HRR (6).  Due to these findings, along with the current study, it appears that interval training leads to improvements within the interaction between the autonomic and cardiovascular systems that may be superior to continuous, traditional endurance training.  Obviously, further research is needed to fully address this theory.

Moreover, previous investigators have shown overall physical activity to impact HRR and HRV.  For instance, Buchheit and Gindre (7) found that training load was significantly related to cardiovascular autonomic control in middle-aged individuals.  Thus, once again, it is reasonable that the findings of the study could also be related to a greater training load found in the athletes.  Participation in competitive collegiate basketball typically involves conditioning and practice on multiple days of the week throughout the year (15).  In addition, it should be noted that the basketball players in the present study had mean aerobic fitness values that were within approximately the 50th percentile for college-age subjects (1).  Still, more research is warranted for the comparison basketball players to athletic groups who are primarily aerobic and/or primarily anaerobic.

CONCLUSIONS

Heart rate variability and HRR are two non-invasive assessments of autonomic nervous control of the cardiovascular system.  Recently, both techniques have become popular in the assessment of cardiovascular changes that occur with physical training in field settings.  Evaluating cardiovascular autonomic function of the heart via HRV and HRR provides the practitioner with information concerning how well athletes adapt to various conditioning programs. While exercise has been shown to improve both variables, the specific type of training that best enhances ANS influence is not fully known.  

The findings of this investigation suggest HRV and HRR are superior in college basketball players compared to healthy men who were matched for aerobic fitness, age, body fat percentage, and BMI.  Basketball players typically have lower cardiovascular disease risks compared to the general population.  Therefore, a potential mechanism responsible for this benefit could be due to better ANS control of the heart. At any rate, participation in basketball, especially at the competitive collegiate level, could possibly improve cardiovascular autonomic modulation.
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