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Autonomic nervous system plays an important role in the regulation of the cardiovascular system both in
ensuring optimal function during various activities in healthy individuals and also in mediating several of the
manifestations of cardiac diseases [Task Force, 1996]. This system is responsible for rapid regulation of cardiac
rhythm and function in order to match cardiac output with the body need during various exogenic stimuli, as
exercise. Therefore, sympathetic outflow to the heart and withdrawal of the parasympathetic system activity
underlie the cardiovascular system's first response to exercise, an increase in heart rate. In the short term,
activation of the sympathetic nervous system is a compensatory protective mechanism. However, chronic
activation of sympathetic nervous system has been shown to produce adverse effects on the myocardium and
the peripheral circulation, and these effects are believed to contribute to cardiac and vascular structural
alterations, that may advance disease progression [Makikallio et al., 2001].
Significantly, preferential stimulation of the sympathetic nerves of the failing heart induce ventricular
arrhythmias and sudden cardiac death [Carney et al., 2001] .
The easiest way to demonstrate the effects of autonomic modulation on the heart is to monitor the function of
the sino-atrial node, i.e. changes in heart rate [Goldberg et al., 1994] . Increased vagal activity is characterized by
reduced heart rate and variability of heart rate, whereas increased sympathetic stimulation increases heart
rate and decreases variability of heart rate [Cripps et al., 1991]. Heart rate variability (HRV) analysis, by time- and
frequency -domain methods, is a widely used non-invasive method for evaluating cardiac autonomic activity. It
describes the variations in the interval length between consecutive R - R as well as the variations between
consecutive instantaneous heart rates (Figure 1).

Figure 1: The sample density distribution D is expressed as a triangle, which assigns the
number of equally long NN intervals to each value of their lengths. The most frequent NN
interval length X is established, that is Y=D (X) is the maximum of the sample density
distribution D. The HRV triangular index is the value obtained by dividing the area integral
of D by the maximum Y [Task Force, 1996].

Decreased HRV is a reflection of the enhanced sympathetic overdrive and depressed vagal activity [Task Force,
1996] . Excessive sympathetic or inadequate parasympathetic tone has a strong association with the
pathogenesis of ventricular arrhythmias and sudden cardiac death in general population, and especially in
cardiac patients [Tsuji et al., 1996; Carney et al., 2001]. Thus, decreased HRV may be indicative of an electrically
unstable myocardium [Melanson, 2000] . This predictive value is noted to be independent of other recognized risk
factors [Task Force, 1996]. However, some studies indicate a significant relationship between reduced HRV and
severity of "pathological" cardiac hypertrophy due to hypertension or other diseases [Kohara et al., 1995; Mandawat
et al., 1995] . On the contrary, it is not yet clear whether there is a relationship between "physiological" cardiac
hypertrophy and HRV indices [Pluim et al., 1999] . Therefore, increased risk of arrhythmias and sudden cardiac

death associated with left ventricular hypertrophy (LVH) has focused attention on assessment of cardiac
autonomic disturbances in subjects with increased LV mass.
It is widely presumed that regularly performed aerobic exercise induces adaptations in the cardiac autonomic
nervous system that alter cardiovascular variables at rest and/or baroreflex circulatory control [Dixon et al., 1992] .
Aerobic exercise training leads to enhanced vagal activity at rest, which may contribute in part to the resting
bradycardia [Shi et al., 1995; Shin et al., 1997; Goldsmith et al., 1992; Jensen-Urstad et al., 1997; Strano et al., 1998] . Several
studies using time domain and/or frequency domain analysis of HRV have reported beneficial effects of welldesigned aerobic training programs on cardiac autonomic influences in athletes and sedentary subjects, as
well as in cardiac, dialysis or diabetic patients [Task Force, 1996; Osterhues et al., 1997; Deligiannis et al., 1999]. In our
recent studies, long distance runners and soccer players reached higher values of HRV and had the lower 24h resting mean heart rate compared to other athletes and to sedentary subjects according to the 24-h Holter
recordings [Kouidi et al., 2002, endelides et al., 2003] (Figure 2,3).

Figure 2: HRV triangular plot in a marathon runner (a) and a sedentary age-matched healthy
individual (b).

Figure 3: HRVI in athletes of various sports

Similar improvements in HRV in endurance trained athletes have been demonstrated from other studies, while
controversial results were reported for athletes participating in other types of training, as anaerobic or strength
training [Reiling & Seals, 1988; Furlan et al., 1993; Shi et al., 1995; Macor et al., 1996; Shin et al., 1997; Bonaduce et al., 1998; Pigozzi et
al., 2001] . Intensity and duration of physical training, age, gender, degree of previous exposure to training
stimuli, the level of cardiorespiratory adaptations, the emotional status and methodical differences in the
assessment of HRV, in various combinations may have a bearing on the question [Melanson, 2000; Pluim et al.,
1999; De Meersman, 1993; Sacknoff et al., 1994; Dishman et al., 2000; Perini et al., 2000; Boushel et al., 2001; Hedelin et al., 2001] .
In our studies, significant relationship was found between the level of maximal oxygen uptake and HRV in
long-distance and soccer athletes [Kouidi et al., 2002; Sendelides et al., 2003] (Figure 4).

Figure 4: Scatter plot of heart rate variability index (HRVI) and maximal oxygen uptake
(VO2max) in 15 male long distance athletes (r = 0.61, p<0.05).

There are few previous data that confirm this relationship [Shin et al., 1997; De Meersman, 1993; Boutcher & Stein 1995]. It
is well known that increase in VO 2max is consequence of endurance training, as result to cardiac and
peripheral adaptations. Thus, it is possible that the improvement of aerobic capacity acts beneficially on the
cardiac autonomic outflow, as indicated by increased HRV [Seals and Chase, 1989; Goldsmith et al., 1992; Deligiannis et
al., 1999; Hedelin et al., 2001]. However, Melanson supported that although HRV may be greater in active than
sedentary men, any measure of HRV does not appear to be correlated with increasing levels of physical

capacity [Melanson, 2000] . Furthermore, it is not well known whether there is a relationship between the
magnitude of parasympathetically mediated modulations in HR and vagal tone or bradycardia [Melanson, 2000] .
Maciel et al supported that HRV at rest was similar in endurance athletes and their sedentary peers, in spite of
a significantly lower heart rate in athletes [Maciel et al., 1985] . Other references also showed the presence of low
levels of HRV despite the high level of vagal tone [Malik & Cramm 1993; Goldberger et al., 1994]. The apparent
discrepancy may be due to the support that time domain measurements of HRV analysis would appear to be
markers of modulations in cardiac parasympathetic activity and not vagal "tone" [Melanson, 2000; Goldberger et al.,
1994] .
Moreover, it is demonstrated that the endurance athletes' bradycardia is also mediated by decreases in
sympathetic tone and by nonautonomic "intrinsic" mechanisms [Seals and Chase, 1989] . In our study increased
heart rate variability was also observed in sprint track and weight field athletes in comparison to sedentary
subjects [Kouidi et al., 2002] .
However, there was no relationship between HRV and VO 2 max in these athletes. It seems that the type of
exercise is not the only responsible factor for the cardiac autonomic modulation. This suggests that some
other mechanisms, except of aerobic adaptations, could be included in determining the profound cardiac
vagal control of athletes [Seals and Chase, 1989; Hedelin et al., 2001]. On the contrary, other reports have failed to
demonstrate such an increase in HRV indices in anaerobic- and strength- trained athletes [Reiling & Seals, 1988;
Furlan et al., 1993; Bonaduce et al., 1998; Boutcher & Stein, 1995]. This may be in part due to insufficient training duration
of the athletes to develop significant cardiac autonomic modulation. The adaptive changes in the cardiac
structures taking place under the influence of exercise training was found to have no relationship with HRV in
athletes. A positive correlation was found between HRV and EDV only in long distance runners in our study
[Kouidi et al., 2002] . This relationship between HRV and volume overload may partly be explained by the lower
resting heart rate in endurance athletes. Our results are in agreement with the findings of Pluim et al, who
supported that increased HRV in elite cyclists was independent from the extent of myocardium mass [Pluim et
al., 1999] . Moreover, the authors demonstrated relations between mean NN and RMSSD and LV diastolic
function indices, partly as result of enhanced vagal tone and subsequent bradycardia. On the other hand,
recent studies reported a significant negative correlation between reduced HRV and the magnitude of
"pathological" LVH due to cardiovascular diseases [Tsuji et al., 1996; Kohara et al., 1995; Mandawat et al., 1995; Piccirillo et
al., 1996] . Myocardial hypertrophy has been shown to be an extremely strong predictor of morbidity and
mortality in the general population [Levy et al., 1990; Kannel, 1996]. The above may suggest that "physiological"
LVH in athletes has not a proven augmented risk for sudden cardiac death [Pluim et al., 1999].
Endurance training-induced enhancement of parasympathetic activity may attribute to a reduction of the risk
of sudden cardiac death, especially in patient populations considered at increased risk at fatal arrhythmias. As
mentioned previously, measurement of HRV has considered as a prognostic marker of the risk for future
arrhythmic events among cardiac and other patients. Decreased HRV has been associated with four fold
increased risk for sudden cardiac death in patients with coronary artery disease, chronic heart disease, endstage renal disease on hemodialysis and other chronic conditions and is significantly associated with all-cause
mortality in the general population [Cripps et al., 1991; Deligiannis et al., 1999; Makikallio et al., 2001] . It has also been
demonstrated that increased vagal stimulation to the sinoatrial node decreases vulnerability to ventricular
fibrillation in coronary patients [Kupari et al., 1993; Moser et al., 1994]. An unanswered question is whether enhanced
HRV following training is an evidence of a cardioprotective effect of exercise [Melanson, 2000; Osterhues et al., 1997] .
It is interesting to note that HRV is authorized as a marker of cardiac autonomic activity only, and not a direct
measure of myocardium electrical stability, which has the most important role for arrhythmic events [Task Force,
1996] . A recent experimental study, designed to assess the effects of physical training on markers of cardiac
vagal activity during acute myocardial ischemia suggested that exercise training increases HRV and thus
confers anticipatory protection from occurrence of ventricular fibrillation [Hull et al., 1994]. There are data
available regarding the effects of exercise training on HRV in patients with coronary artery disease, chronic
heart failure, end-stage renal disease and other. It is supported that physical training enhances overall
autonomic control in chronic heart failure, both vagal on the heart and sympathetic on the peripheral vessels
[Radaelli et al., 1996; Deligiannis et al., 2002] (Figure 5, 6).

Figure 5: Spectral HRV analysis in patients with chronic heart failure before and after 6 months of exercise training

Figure. 6: SDNN measurements in patients with chronic heart failure before and after 6
months of exercise training

Furthemore, there is evidence that training improves the autonomic nerve balance and acts beneficially on
electrical stability of myocardium in patients with acute myocardial infarction [Tygesen et al., 2001]. Similar effects
of exercise training have been demonstrated in patients with diabetes mellitus [Howorka et al., 1997]. In dialysis
patients it is supported that 6 months supervised moderate intensity exercise training may enhance cardiac
vagal tone at rest, as assessed non-invasively by a 30% increase in the value of time-domain heart rate
variability [Deligiannis et al., 1999]. This resulted to a markedly lower heart rate at rest and a reduction of the
incidence of cardiac arrhythmias. It is interesting to note that there was also a significant relationship between
the HRV and the level of VO 2max after training in dialysis patients (Figure 7).

Figura 7: HRV index (triangular method) in a dialysis patient before and after 6 months of exercise training

In conclusion, though there is evidence that physical training acts beneficially in autonomic outflow to the
heart, increasing parasympathetic activity at rest both on healthy individuals and patients with chronic
diseases, additional studies are needed to indicate if exercise in dialysis patients improves the baroreflex
circulatory control and decreases vulnerability to malignant arrhythmias.
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