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Background: Heart rate variability (HRV), heart rate turbulence (HRT), and heart rate recovery (HRR),
indices that reflect autonomic nervous system (ANS) activity, are outcome predictors in patients with
chronic heart failure (CHF). It is not clear, however, whether they reflect the same components of ANS
activity. No study has examined the effects of physical training (PT) training on HRV, HRT, and HRR in
CHF.
Study Objective: To examine the responses of HRV, HRT, and HRR to a PT program in patients
presenting with CHF.
Methods: In 41 patients (mean age = 58.7 ± 10.2 years) in New York Heart Association CHF functional
classes II or III, and with a left ventricular ejection fraction <40%, HRV, HRT, and HRR were measured
before and after 8 weeks of PT.
Results: The training was clinically effective in all patients. Before versus after PT, standard deviation
of all normal RR intervals increased from 107 ± 30 to 114 ± 32 ms (P = 0.047), high frequency increased
from 210 ± 227 to 414 ± 586 ms2 /Hz (P = 0.02), and the low/high frequency ratio decreased from 1.8 ±
1.55 to 1.1 ± 1.2 (P = 0.002). HRT and HRR did not change significantly after PT.
Conclusions: In patients with CHF, the positive effects of PT were limited to HRV indices, which reflect
parasympathetic activity, without significantly changing HRR and HRT. These observations indicate
that different mechanisms modulate HRV, HRR, and HRT, which provide complementary information
regarding ANS activity. The 8-week PT program failed to completely normalize ANS function. (PACE
2009; 32:S113–S115)
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Introduction
Disturbances in the activity of the autonomic
nervous system (ANS) significantly influence the
clinical presentation and prognosis of patients suffering from chronic heart failure (CHF). The noninvasive assessment of indices reflecting ANS activity on the surface electrocardiogram (ECG) can
help evaluate the efficacy of therapies. Since physical training (PT) improves the prognosis of patients presenting with CHF, we hypothesized that
it also improves the indices that reflect ANS activity.1,2 Heart rate variability (HRV), heart rate turbulence (HRT), and heart rate recovery (HRR) have
a significant prognostic value in CHF.2–8 However,
it is unclear whether they reflect the same components of ANS activity, or whether they respond differently to PT. Therefore, we designed this study
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to measure the responses of HRV, HRT, and HRR
to PT in patients suffering from CHF.
Methods
Patient Population
The study population consisted of 41 patients
(mean age = 58.7 ± 10.2 years; 39 men) in New
York Heart Association (NYHA) CHF functional
class II or III, who underwent an 8-week PT program and consented to participate in the study.
The study exclusion criteria were (a) CHF secondary to uncorrected valvular disease; (b) myocardial infarction (MI) or percutaneous coronary
intervention (PCI) within the previous 4 weeks,
and coronary artery bypass grafting (CABG) within
the previous 8 weeks; (c) presence of atrial fibrillation; (d) concomitant neoplastic disease; and (e)
patient’s refusal to participate in the study. The
study was approved by the Institutional Ethics
Committee. All patients granted their written informed consent.
Physical Training
After 3 weeks of stable clinical status and optimal medical treatment, the patients underwent
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an 8-week physical-endurance training, with exercise levels ranging from 40% to 60% of peak oxygen consumption (peak VO 2 , mL/kg/min) during
cardiopulmonary testing. The effectiveness of PT
was ascertained by the exercise test duration, peak
VO 2 , metabolic equivalent (MET), and distance
covered during a 6-minute walk test (6-MWT).
Indices of ANS Activity
HRV, HRT, and HRR were measured before
and after a cardiac rehabilitation cycle using a
24-hour ECG, recorded with a Spacelabs Lifecard
system (Spacelabs, Del Mar Reynolds, Hertford,
UK). HRV indices were calculated after prospective interactive ECG analysis, using the Impresario
Space software (Del Mar Reynolds). The measurements of HRV included time domain—standard
deviation of all normal RR intervals (SDNN) and
frequency domain indices. The frequency domain
indices were calculated after fast Fourier transformation of five 10-minute ECG segments, recorded
between 2 a.m. and 6 a.m. The highest and lowest
values were excluded, and the three remaining values were averaged. The power spectrum density of
low frequency (LF) 0.04 – 0.15 Hz, high frequency
(HF) 0.15 – 0.4 Hz, and the low frequency to high
frequency ratio (LF/HF) was calculated.
The measurements of HRT included turbulence onset (TO) and turbulence slope (TS) according to the algorithm described by Schmid et al.9
HRR was calculated as the difference between the
heart rate at peak exercise and 1 minute after the
end of the exercise test.
Statistical Analysis
Paired t-test was used for continuous variables with normal distributions. The normality of
distribution was verified with the Shapiro-Wilk
test. The signed-rank test (changes over time) and
the Wilcoxon test (to compare groups) were used
for variables that were not normally distributed.
The χ 2 or Fisher’s exact tests were used for qualitative variables. The level of statistical significance
was set at P < 0.05.
Results
Clinical Characteristics of the Study Population
The study population consisted of 41 patients
(39 men and three women; mean age = 58.7 ±
10.2 years) in NYHA CHF functional class II (n =
20), or III (n = 21) due to ischemic (n = 38; 93%)
or nonischemic (n = 3; 7%) heart disease, with a
left ventricular ejection fraction <40% (mean =
31 ± 6%). Among these 41 patients, 35 (85%)
had suffered a prior MI, 25 (61%) had undergone PCI, 14 (34%) CABG, and 12 (29%) had
suffered a stroke. A body mass index >30 kg/m2
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was present in 12 (29%) patients, metabolic syndrome in 10 (24%), diabetes in 15 (37%), and
hypertension in 12 (29%) patients. The medications used included β-adrenergic blockers in
100%, angiotensin-converting enzyme inhibitors
in 95%, angiotensin receptor blocker in 5%, aspirin in 93%, diuretics in 90%, and statins in 95%
of patients.
Effectiveness of Physical Training
All measurements which reflected the clinical
effectiveness of cardiac rehabilitation improved
significantly after the PT. Respective values before
and after PT were: (a) exercise test duration 427 ±
118 versus 507 ± 129 seconds (P = 0.002); (b)
peak VO 2 17.1 ± 4.6 versus 18.8 ± 5.1 mL/kg/min
(P < 0.001); (c) MET 5.1 ± 1.1 versus 6.7 ± 1.6 (P =
0.005); and (d) distance covered in 6 MWT 416 ±
92 versus 462 ± 89 m (P = 0.001).
Indices of ANS Activity
The mean changes in SDNN, HF, LF/HF between before and after PT were, respectively,
107 ± 30 versus 114 ± 32 ms (P = 0.047), 210 ±
227 versus 414 ± 586 ms2 /Hz (P = 0.020), and
1.8 ± 1.55 versus 1.1 ± 1.2 (P = 0.002). LF,
TS, TO, and HRR did not change significantly
(Table I).
Discussion
The ANS regulation of the heart is impaired
in CHF. In our study, the values of HRV, HRR,
and HRT were abnormal before the beginning of
rehabilitation training, an observation concordant
with prior studies.2–6 In this study, the magnitude
of changes in the indices of ANS function after
PT was variable (Table I). The changes in SDNN,
HF, LF/HF were statistically significant, indicating that PT had beneficial effects on the balance of
the ANS components. These observations are concordant with studies reported previously.2–4,10 Although PT improved the patients’ overall physical
performance, HRR and HRT did not change significantly. Few studies of patients suffering from
CHF have reported improvements in HRR after PT.
Streuber et al.7 observed improvements limited to
patients with an HRR response <12 bpm, and Dimopoulos et al.6 found improvements in HRR by
continuous, but not by intermittent, exercise training, suggesting that, despite effective training of
patients presenting with CHF, HRR may not improve. Our study is the first to examine the effect of PT on HRT, and first to analyze simultaneously the effects of exercise training on HRV, HRT,
and HRR. The limitation of significant changes to
HRV indices after a cycle of effective rehabilitation
remains unexplained. The ANS indices analyzed
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Table I.
Effects of Physical Training (PT) on ANS Indices

Standard deviation of all normal RR intervals (ms)
Low frequency (ms2 Hz)
High frequency (ms2 Hz)
Low-to-high frequency ratio
Turbulence onset (%)
Turbulence slope (ms/RR interval)
Heart rate recovery (bpm)

Before PT

After PT

P

107 ± 30
276 ± 322
210 ± 227
1.8 ± 1.55
−1.16 ± 1.59
4.25 ± 4.7
12.0 ± 7.3

114 ± 32
356 ± 582
414 ± 586
1.1 ± 1.2
−1.14 ± 2.2
4.9 ± 6.2
12.6 ± 6.7

0.047
NS
0.02
0.002
NS
NS
NS

NS = not statistically significant.

in this study reflect different components of the
ANS. HRV reflects its spontaneous activity, HRT
reflects the spontaneous response of baroreflex receptor activity to stress, while HRR reflects the recovery of parasympathetic activity after maximal
exercise. One might hypothesize that 8-week exercise training has an effect on overall sympathovagal activity, whereas baroreflex sensitivity and
parasympathetic recovery remain impaired after
this period of cardiac rehabilitation. We observed a
trend toward improvement in TS, suggesting that a
longer period of PT is needed to achieve significant
improvements in HRT indices. Our findings indicate that a full evaluation of the effects of therapies
on the ANS, including clinically effective PT, must
be based on multiple components of its activity, reflecting sympath-ovagal tone, baroreflex sensitivity, and parasympathetic recovery. Further studies
are needed to develop more effective methods of
cardiac rehabilitation, to improve in all three components, in patients suffering from CHF. The type
of physical exercise, its duration, and the length
of the rehabilitation program might induce dif-

ferent responses among these components of the
ANS.
Study Limitations
The 92% prevalence of ischemic heart disease in our patient population does not allow an
application of our results to patients with nonischemic heart disease. We did not exclude patients
who had undergone CABG, in whom both afferent
and efferent cardiac innervations might have been
impaired.
Conclusions
In patients with heart failure, clinically effective PT significantly improved the HRV indices,
which reflect parasympathetic activity, without
significantly changing HRR and HRT. Since the
response of HRV, HRT, and HRR to PT was dissimilar, these indices seem to represent different
aspects of ANS activity. The 8-week training program used in this study, although clinically effective, failed to completely normalize ANS function
in patients suffering from CHF.
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