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A b s t r a c t

The present study was designed to evaluate whether a specific program of exercise training at 
anaerobic threshold level may be sufficient to improve heart rate variability (HRV) in patients with 
chronic heart failure (CHF). We examined 10 patients with CHF (men, mean body weight 85 ± 12kg; 
mean age 61±13 years; NYHA class II-III,) after echocardiography, coronarography and under stable 
therapy. The patients underwent standard bicycle spiroergometry test before and after the training in 
order to determine basic functional parameters (maximal workload – Wmax, symptom-limited oxygen 
uptake – V

.
O2SL, oxygen uptake at anaerobic threshold – V

.
O2AT, and metabolic equivalents – METs). 

The patients underwent 8-week long intensive aerobic training (at anaerobic threshold level, 3 times a 
week) combined with resistance training at the level of 60% of one repetition maximum (1-RM) Heart 
rate variability parameters (HRV) were determined by spectral analysis of pulse interval (PI) using 
the beat-to-beat non-invasive monitoring of ECG, spontaneous and metronome-controlled breathing 
at 0.3Hz before and after the training (system Varia-Pulse TF-3). The results showed a significant 
increase in values of total power after the end of rehabilitation (from 891 ± 1011 ms2 to 2829 ± 3000 
ms2; *P < 0.05, Wilcoxon paired). It is concluded that 8 weeks lasting exercise training at anaerobic 
threshold level can increase the total power value (TP) of heart rate variability in patients with chronic 
heart failure. 

K e y  w o r d s

Chronic heart failure, Exercise training, Aerobic training, Resistance training, Cardiopulmonary 
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A b b r e v i a t i o n s  u s e d

CHF, chronic heart failure; HF, high-frequency component; HRmax, maximal heart rate; HRV, 
heart rate variability; NYHA, New York Heart Association; LF, low-frequency component; PI, pulse 
interval; LF/HF, LF to HF ratio; V

.
O2SL, symptom-limited oxygen uptake; V

.
O2AT, oxygen uptake at 

anaerobic threshold; TP, total power; Wmax, maximal workload.
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INTRODUCTION

Low heart rate variability (HRV) is an indicator of increased risk of sudden 
cardiac death after myocardial infarction and in patients with chronic heart failure 
(CHF) (1, 2). It is supposed that a regular physical activity could modify this risk 
factor; however, most of the training methods including the rehabilitation protocols 
used also in our previously published studies are based on aerobic exercise (3, 4), 
and until now there is a lack of valid information from actual bibliography concern-
ing the effects of resistance or combined long-term lasting training on the heart rate 
variability parameters (HRV). Classical methodology for evaluating the benefits of 
physical training is based on cardiopulmonary exercise testing. This examination is 
time-consuming and could be potentially life-threatening. The examination of HRV 
is comfortable for the patient and without any risk. The aim of this study was to 
investigate if HRV testing can be useful for determination of the influence of 8-week 
combined exercise training on the heart rate variability expressed in frequency do-
main parameters in the group of patients with CHF. 

PATIENTS AND METHODS

Ten patients (mean body weight 85 ± 12 kg; mean age 61 ± 13 years) with chronic heart failure were 
selected according to the inclusion criteria listed below. The treatment regimen of all selected patients 
was optimised to ensure that the patients were symptomatically stable. Standardised pharmacological 
treatment at the beginning and in the end of the 8-week period included administration of angiotensine 
converting enzyme inhibitors (ACEI), β-blockers, diuretics and digitalis in varying combinations. Inclu-
sion criteria were as follows: age over 18 years, symptomatic chronic congestive heart failure NYHA class 
II-III determined for at least 3 months, and stable for at least 6 weeks; left ventricular ejection fraction 
< 40 % (assessed by 2D-echocardiography); symptom limited spiroergometry showed symptom-limited 
oxygen consumption (V

.
O2SL) < 20 ml.kg.min-1. Before the inclusion to the study all the subjects signed 

the Informed Patient’s Consent; the study was approved by the local Ethical Committee and conforms to 
the principles outlined in the Declaration of Helsinki and to GCP guidelines of European Community.

Heart rate variability was registered by the system Varia-Pulse TF-3. A short-time evaluation of the 
heart rate variability was done using the beat-to-beat non-invasive monitoring of ECG, spontaneous 
and metronome-controlled breathing at 0.33Hz before and after the training period of 8 weeks. HRV 
frequency-domain parameters were determined by spectral analysis of pulse interval (PI). 

Combined exercise training was realized at the Department of Functional Diagnostics and Reha-
bilitation 3 times a week. Resistance training elements were included into the exercise protocol only 
after 2 weeks of aerobic training. One exercise session lasted 60 min and included: warm-up period 
(10 min), period of aerobic exercise on bicycle ergometer with load intensity at the level of anaerobic 
threshold (20 min), period of fitness (or resistance) training performed on combined training machine 
(20 min), and relaxation period (10 min). In the period of fitness (resistance) training all the subjects 
started to exercise at 30% level of 1-RM (one repetition maximum), and after 2 weeks they continued 
at 60% level of 1-RM. The rehabilitation programme was performed by the patients for eight weeks. 

Standard exercise spiroergometry (Blood Gas Analyser, MedGraphics, USA) up to the maximum 
limited by symptoms was carried out before and after 8 weeks of training to assess symptom-limited 
oxygen consumption (V

.
O2SL), maximal workload (Wmax), metabolic equivalents (METs) and maximal 

heart rate (HRmax). The first spiroergometry test was applied also to determine the anaerobic threshold 
(ANP) in order to decide the individual training intensity. 

Statistical analysis of functional data was performed using the Wilcoxon paired test, the Chi-2 test, 
the Friedmann test, and analysis of variance ANOVA. The P value < 0.05 was considered as significant.
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RESULTS

Spiroergometry testing after the 8 weeks of training showed significant increase 
of Wmax (110 ± 20 W; *P < 0.05), and also a significant increase of V

.
O2SL values 

(1551 ± 261 mlO2 .min-1; *P < 0.05); the increase of both values was approximately 
+20 % compared to the initial values (Fig. 1 and 2). Table 1 summarizes the results 
of all evaluated functional parameters.

Spectral analysis of HRV parameters was evaluated and is presented in Table 2. 
They are pulse intervals (PI; ms), total power – TP; ms2, the power of low frequency 
component (LF; 0.04–014 Hz/ms2), the power of high frequency component (HF; 
0.15–04 Hz/ms2) and ratio of LF power to HF power (LF/HF). Spectral analysis 
revealed a significant increase of the total power (TP) of HRV after 8 weeks of com-
bined exercise training (2829 ± 3000 ms2; * P < 0.05) in comparison with the TP 
initial values (Fig. 3). An increase of other HRV parameters was also observed, but 
it is without statistical significance.

The results of HRV spectral analysis and the results of functional performance 
testing indicate that HRV parameters could be useful for the evaluation of the ef-
fectiveness of physical training.

Fig. 1
Comparison of the values of maximal workload (Wmax) before and after 8 weeks of combined exer-

cise training. Results are expressed as mean ± SD (* P < 0.05; Wilcoxon paired test).
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Fig 2
Comparison of the values of symptom-limited oxygen uptake (V

.
O2SL) before and after 8 weeks of 

combined exercise training. Results are expressed as mean ± SD (* P < 0.05; Wilcoxon paired test).
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Fig 3
Comparison of the values of spectral analysis of HRV – Total Power (ms2) before and after 8 weeks 

of combined exercise training. Values are expressed as mean ± SD (* P < 0.05; Wilcoxon paired test).
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Table 1 
Results of registered functional parameters assessed by bicycle spiroergometry testing before and af-
ter 8 weeks of combined exercise training. Results are expressed as mean ± SD; Wilcoxon paired test

Functional
parameters

Wmax (watts)
Wmax ..kg-1 

(watts. min-1)
V
.
O2SL

(mlO2 .min-1)
V
.
O2SL .kg-1

(mlO2 .min .kg-1)
METs

Before
93 

(± 17)
1.0

(± 0.2)
1399

(± 284)
15.2

(± 3.4)

4.3 
(± 1.0)

After
* 110
(± 20)

* 1.2
(± 0.2)

* 1551
(± 261)

* 16.9
(± 2.8)

* 4.7
(± 0.9)

Wmax, maximal workload; Wmax..kg-1, maximal workload per kg; V
.
O2SL, symptom-limited oxygen upt-

ake; V
.
O2SL .kg-1, symptom-limited oxygen uptake per kg; METs, metabolic equivalents; * p < 0.05.

Table 2
Results of the spectral analysis of registered HRV frequency-domain parameters before and after 8 

weeks of combined exercise training. Results are expressed as mean ± SD; Wilcoxon paired test

Functional
parameters

PI
(ms) 

TP 
(ms2)

LF 
(Hz/ms2) 

HF
(Hz/ms2)

LF/HF

before 1016
(± 137)

891 
(± 1011)

191 
(± 178)

665 
(± 820)

1.01 
(± 1.11)

after 1046
(± 124)

* 2829 
(± 3000)

256 
(± 214)

2573 
(± 2875)

0.80 
(± 1.12)

PI, pulse interval; TP, total power; LF, low-frequency component, HF, high-frequency component; 
LF/HF, LF to HF ratio; * p < 0.05.
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DISCUSSION

In the last 20 years the decreased heart rate variability has been shown to be a 
significant sign of sudden death risk in patients after myocardial infarction (5), and 
the predictive value of decreased heart rate variability is comparable to the ejection 
fraction volume in the risk stratification of patients after myocardial infarction (6). 

The autonomic nervous system is permanently influenced by a variety of stimuli 
of the inner or outer origin. Age and health status belong to the inner stimuli, where-
as climatic conditions, day (night) period, actual psychic and physical workload, or 
changes of the body position are the stimuli of the outer origin (7). For an easier 
interpretation of the results of HRV examination a test (supine – standing – supine 
position) was introduced in which the vagal activity increases in supine position, 
whereas the sympathetic tone is increased in standing position. Moreover, after 
repeated supine position an overshoot of the spectral power of the high frequency 
component of the heart rate spectral analysis appears. Thus, in order to analyze the 
data of vagal activity with maximal precision, an analysis of spectral parameters 
after repeated supine position is recommended (8). 

Regarding to the fact that the amplitude of respiration arrhythmia is predomi-
nantly dependent on the frequency and depth of breathing (without breathing fre-
quency control), the variability at high frequency can be submitted to non-predict-
able changes. A deep and slowed respiration to 6 breath cycles per minute shifts 
the top of respiratory spectra in the area of 0.1Hz and so can imitate an increase of 
sympathetic tone modulation of cardiac rhythm (9). In our present study we evalu-
ated 5min intervals of HRV using metronome-controlled breathing at 0.33Hz. 

The adaptation of cardiovascular system on resistance exercise training is differ-
ent from the adaptation on dynamic exercise training. Heart muscle in resistance 
training shows signs of concentric hypertrophy, whereas the heart muscle adapta-
tion in dynamic training is characterized by increase of heart cavities and only a lim-
ited heart wall thickening. In that case the hypertrophy is considered as eccentric 
(10). In contrast to the resistance exercise the aerobic (or dynamic) training is more 
efficient on the decrease of heart rate and systolic blood pressure at rest, and also on 
the increase of stroke volume at rest and during exercise (11). Thus, it is possible to 
suppose that various types of exercise influence the HRV in a different manner. The 
results of our study showed statistically significant differences in TP. 

Up to the present the influence of combined training on the patients’ perform-
ance and the autonomic nervous system has not been fully explained. Our results 
have shown that 8 weeks of combined training led to the increase of functional 
capacity in patients with chronic heart failure and to the increase of total spectral 
power. This study contributes to the knowledge about rehabilitation training impor-
tance in patients with chronic heart failure.
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VARIABILITA SRDEČNÍ FREKVENCE U PACIENTŮ S
CHRONICKÝM SRDEČNÍM SELHÁNÍM: ÚČINEK REHABILITACE

Souhrn

Cílem této studie bylo zhodnotit, zda speciální trénink na úrovni anaerobního prahu zvyšuje vari-
abilitu srdeční frekvence (HRV) u pacientů s chronickým srdečním selháním (CHF). Bylo vyšetřeno 
10 pacientů s CHF (mužů, průměrné tělesné hmotnosti 85 ± 12 kg, průměrného věku 61±13 let, 
NYHA II-III, byla provedena echokardiografie a koronarografie) se stabilizovaným terapeutickým 
režimem. U všech pacientů bylo provedeno vstupní a výstupní spiroergometrické vyšetření do symp-
tomy limitovaného maxima pro stanovení základních funkčních parametrů (maximální výkon – Wmax, 
symptomy-limitovaná spotřeba kyslíku – V

.
O2SL, spotřeba kyslíku při anaerobním prahu – V

.
O2AT, a 

metabolické ekvivalenty – METs). Pacienti absolvovali 8-týdenní intenzivní aerobní trénink (na úrov-
ni anaerobního prahu, 3x týdně) kombinovaný s odporovým tréninkem na úrovni 60% tzv.jedenkrát 
opakovaného maxima (1-RM). Parametry variability srdeční frekvence (HRV) byly určeny pomocí 
spektrální analýzy tepových intervalů (PI) s využitím monitorování EKG metodou tep po tepu, při 
spontánním a metronomem kontrolovaném dýchání při frekvenci 0.3Hz před ukončením tréninko-
vého procesu a po něm (přístrojový systém Varia-Pulse TF-3). Výsledky ukázaly signifikantní zvýšení 
hodnot celkového spektrálního výkonu na konci rehabilitace (ze vstupní hodnoty 891 ± 1011 ms2 na 
výstupní hodnotu 2829 ± 3000 ms2; *P < 0.05, Wilcoxonův test). 8-týdenní kombinovaný trénink na 
úrovni anaerobního prahu může zvýšit hodnotu celkového spektrálního výkonu u pacientů s chronick-
ým srdečním selháním.
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