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Heart rate variability as prognostic parameter in cardiovascular diseases – Reported and new findings

Summary

Heart rate variability (HRV) is a well established prognostic parameter in cardiovascular diseases, shock and multiorgan dysfunctions syndrome. New findings argue for a role of inflammation in inducing HRV-attenuation. Vice versa, an intact autonomic nervous system seems to be of importance in fighting against overshooting inflammatory processes. 

Hans D. Esperer & Peggy Hollenbach 
Ageing of qualitative and quantitatve HRV - Poincaré plot characteristics in healthyindividuals 

Summary

Background: It is well known that the function of the human autonomic nervous system is subject to ageing. In fact, significant decreases in both time and frequency domain indices of heart rate variability (HRV) have been reported in elderly populations. Numerous papers have reported that also non-linear indices of HRV decrease with increasing age. Some investigators have interpreted their results as indicative of a breakdown in fractality and complexity of heart rate dynamics (HD), even in healthy elderly individuals.  Very recently, hower, this view has been challenged by surprisingly different results suggesting that in healthy ageing HD may not be compromized. However, it has been argued that these discrepant results may be due to the fact that the nonlinear indices investigated might have been distorted by artefacts and arrhythmias prevailing at higher ages.   
Objectives: The aim of this study was to investigate the age effect on Poincaré plot characteristics that are known to be more robust against artifacts and arrhythmias. 
Methods: 40 men (n=25) and women (n=15) aged 47 ± 24 years (range: 20 – 87 ys) were included in the study. To test for age differences the study population was divided into three groups: (1) group A: age ≤ 30 ys (2) group B: 30 < age ≤ 69 ys; (3) group C: age ≥ 70 ys.  Each study paricipant underwent 24-hour Holter monitoring using a SpideviewTM recorder (Ela medical, Paris 2007) that allowed for ECG sampling at 1 kHz.  Using a SynescopeTM arrnalyzer (Ela medical, Paris 2007) arrhythmia analysis was performed and from each participant the RR-interval series were used to reconstrauct two-dimensional Poincaré plots (PoP). The resulting comet patterns were morphologically analyzed and assigned to one of three  categories: (1)  bilateral asymmetry (category A), (2)  unilateral asymmetry (category B); and (3) symmetric shape (category C). In addition, the following quantitative indices were determined: (1) Lmax: maximal comet length; (2) Wmax: maximal comet width, and (3)  Wmax /Lmax ratio. 
Results: There was a significant age-dependent change in comet morphology: whereas younger and middle-aged persons exhibited bilateral or unilateral asymmetry with respect to the line of identity, person’s ≥ 60 ys showed exclusively symmetric comets. Also, the quantitative PoP indices decreased significantly with advancing age.
Conclusions: Our results are indicative of a decrease of both instantaneous and global HRV with increasing age, thus confirming prior observations made in the time and frequency domain. Moreover, we showed that, at advanced ages (≥ 70 ys), HD is significantly altered. Nevertheless, since we did not observe pathologic PoP patterns, such as torpedo or ball shapes,  in any of the individuals studied, and because even those aged ≥ 70 ys exhibited clearly visible symmetric comets,  it may be concluded  that, in healthy ageing, heart rate dynamics does not breakdown, but is rather preserved albeit in an altered fashion.
Kuno Hottenrott & Olaf Hoos

Heart rate variability in sports applications – Current status and new insigths

Summary

Heart rate variability (HRV) has long been used in risk stratification for sudden cardiac death and diabetic autonomic neuropathy. In recent years, both time and frequency domain indices of HRV also gained increasing interest in sports and training sciences. In these fields, HRV is currently used for the noninvasive assessment of autonomic changes associated with shortterm and long-term endurance exercise training in both leisure sports activity and high-performance training. Furthermore, HRV is being investigated as a diagnostic marker of overreaching and overtraining. A large body of evidence shows that, in healthy subjects and cardiovascular patients of all ages (up to an age of 70 years), regular aerobic training usually results in a significant improvement of overall as well as instantaneous HRV. These changes, which are accompanied by significant reductions in heart rates both at rest and during submaximal exercise, reflect an increase in autonomic efferent activity and a shift in favor of enhanced vagal modulation of the cardiac rhythm. Regular aerobic training of moderate volume and intensity over a minimum period of 3 months seems to be necessary to ensure these effects, which might be associated with a prognostic benefit regarding overall mortality. At present, available data does not allow for final conclusions with respect to the usefulness of traditional HRV indices in assessing an individual’s exercise performance and monitoring training load. The discrepant results published so far are due to several factors including insufficient study size and design, and different HRV methods. Large-sized and prospectively designed studies are necessary for clarification. It also remains to be seen, whether the traditional HRV indices prove useful in the diagnosis of overreaching and overtraining. Preliminary results, though promising, need to be confirmed in larger cohorts. A basic problem in HRV analysis is nonstationarity of the heart rate signal, which holds particularly true for exercise conditions. Whether, in these conditions, more robust nonlinear HRV methods offer a benefit has to be further established in future work.
Ivar Friedrich, Samir Said, Mandy Schulze, Dirk Hoyer, Mathias Rauchhaus, Juliane Peinhardt, Nikola Wiesner, Tina Ziehm, Ursula Müller-Werdan, Michael Buerke, Karl Werdan & Hendrik Schmidt

The predictive power of heart rate with an ischemically and non-ischemically triggered MODS

Summary

The major finding of the presented study is the value of basic heart rate, assessed between 12 am and 1 pm, for prediction of 28-day-mortality in MODS. The predictive power was especially pronounced in the subcohorte of patients with an ischemically triggered MODS. These results may support concepts of restoration of vagal tone and consecutive reduction of heart rate in MODS.

Katrin Lucki, Marcus Bernhörster, Christian Thiel, Lutz Vogt, Anja Lungwitz, Elke Jäger & Winfried Banzer
Physical activity during acute oncology therapy: modulation of quality of life and heart rate variability

Summary

Background: Exercise-mediated alterations of the cardiac autonomous regulation point toward cardiac adaptation improvements. Oncological studies (Dimeo et al. 1997) showed that physical activity may induce positive effects already during chemotherapy treatment. Therefore the present study evaluated the effects of physical activity on heart rate variability (HRV) during ongoing chemotherapy.
Methods: In this longitudinal study, n=17 patients with histologically confirmed cancer diagnosis participated during ongoing chemotherapy treatment. After an initial sports medical examination including cardiorespiratory health and fitness testing, participants received individual physical activity and exercise counseling. Follow-up sessions were scheduled after 4 and 16 weeks in order to ensure ongoing guidance and sports medical surveillance. Each of these three counseling and examination sessions included short-time resting tachograms obtained by Polar S810® heart rate monitors and quality of life assessments (EORTC QLC-30).
Results: The analysis of the EORTC- questionnaire demonstrated significant (p<.05) gains in global health status and in the subscales social and physical functioning over time, while HRV analysis revealed significant increases in RMSSD, HF and TP (p<.05) values.
Conclusions: The observed quality of life improvements once more indicate the use and effectiveness of physical activity and exercise even in the early stages of cancer treatment. The increased heart rate variability might show a concomitant improvement in psycho-physiologic adaptivity. Prospective, controlled studies are necessary to examine, and verify, the relationship between cardioregulatory markers and improvements in physical/ social function and quality of life. Modulating effects of chemotherapy as well as the role of heart rate variability in monitoring chemotherapy-induced cardiotoxicity should be given adequate consideration.
Jasmin Woitalla, Birgit-Christiane Zyriax, Tilman Klähn, Marc Weitl, Gerold Schwarz, Andreas Keck & Eberhard Windler
Determination of a Cardio-Stress-Index by Innovative Devices


Summary

Introduction and aims: The decline of the incidence of cardiovascular disease in the middle-aged population indicates the efficiency of preventive measures. The more it appears sensible to detect atherosclerosis in an early stage. This cross-sectional study compares the evaluation of risk of early coronary and vascular lesions by clinical and laboratory markers as well as lifestyle including nutrition, physical activity and stress with the detection by easy to use non-invasive methods. This analysis evaluates the association of a cardio-stress-index (CSI) derived from a new algorithm of the heart rate variability (HRV) and cardiovascular risk factors. The basic outcomes as to reproducibility of the results obtained with a stationary device (VICARDIO) and a portable variant (VIPORT), and variability as to gender and time of day are reported.

Methods: 100 healthy women and 100 healthy men each 25% in the range of 30 – 40 years, - 50, - 60, and – 70 years were investigated in the morning and within 2 weeks in the afternoon. Included were healthy subjects without acute or chronic diseases particularly without regular drug use for cardiovascular diseases or their risk factors.

An ECG was taken with two types of devices with innovative software (VICARDIO as a stationary devices and VIPORT as a portable variant, Energy-lab Technologies GmbH, Hamburg). The cardio-stress-index (CSI) derived from various parameters of the HRV gives values on a scale between 0 and 100%. The clinical examination comprised the blood pressure and anthropometry and the laboratory diagnostic included the risk factors for cardiovascular diseases.

Results: The cardio-stress-index (CSI) was significantly higher in men than in women (VICARDIO in the morning 32.2% vs. 26.9%, p<0.0001; in the afternoon 36.9 vs. 26.0, p=0.0057). The CSI rose between age groups in both gender significantly (p<0.0001) and about doubled between 30 and 60 years. Comparable data were obtained using the VIPORT. No effect of weight, BMI, waist and body fat was detected.

The difference of the data recorded in the morning and in the afternoon of a subsequent day by VICARDIO were less than 20% in 63% of men and in 72% of women. Only 12% and 5% of the values, respectively, differed by more than 40%. The variance of the values recorded on different days and times of day was almost identical for the VIPORT. Bland-Altmann-Plots showed that the means of the differences in the morning and afternoon were close to zero in both gender.

The systolic blood pressure was significantly higher in the afternoon compared to the morning (p<0.0001). Within the same time of day the systolic blood pressure was positively associated with the CSI obtained by VICARDIO, which, however, was not significant in this study. Also, the CSI rose with higher blood sugar, which was significant in women (p=0.005), but not in men, yet, although the association did not differ between men and women. A similar association was found for LDL-cholesterol, which again was of borderline significance (p=0.05).

Discussion: A first explorative statistical analysis shows an acceptable consistency of the CSI measurements by VIPORT and VICARDIO. The reproducibility between day times and from day to day seem acceptable, given that it sums up the biological variance and that of the recorders. The first correlations of clinical data show that the definition of the range of normal for the CSI needs calibration for age, but not for anthropometric parameters.

The preliminary associations of the recorded values with known cardiovascular risk factors indicate that the CSI recording as a HRV-derived parameter may serve as a future simple, but valid diag​nostic technique to detect global cardiovascular risk. Further analyses will include measures of stress and vascular wall (IMT).

Ralf Hennen, Ivar Friedrich , Mathias Rauchhaus, Sabrina Schlisske , Nora Günter , Juliane Walter, Ursula Müller-Werdan, Michael Buerke, Karl Werdan & Hendrik Schmidt

Medicamental influence on heart rate variability in mods

Summary

Background: The multiple organ dysfunction syndrome (MODS), a subsequent failure of two or more vital organs, is the endstage of initial trigger events, such as acute coronary syndrome or sepsis. The mortality is high – up to sixty percents. We have recently shown that a decrease in heart rate variability ([HRV], parasympathetic parameter lnVLF) can identify a subgroup of MODS with a worse prognosis. Parasympathetic stimulation can depress inflammation and might thus improve survival. The aim of the present study was to detect whether beta-blockers as mainly indirect but also direct parasympathetic modulators, inhibitors of the angiotensine converting enzyme or statins have a positive impact on outcome.

Methods: We retrospectively analysed the data of consecutively admitted ICU patients with MODS. 68 from 178 had had ACEI, 40 from 120 patients statin and 69 from 157 a beta-blocker during stationary admission. HRV was measured according to the international standards using a 24-hours-ECG. We calculated a cutpoint (maximum of sensitivity x specificity in ROC analysis) for the HRV parameter lnVLF which predicted 28-days-survival best and also the 365-days-survival for ACEI. The APACHE II score (APII) was calculated to characterize the severity of illness; a MODS was defined as a APII ( 20 points. The demographic data of the patients were as follows: ACEI age 61.6±13.2 years, weight 77.8±16.4, height 1.70±9, APACHE II score 27.5±7.5; statin age 64.6±11.0 years, weight 79.0±7.0, height 1.73±0.07, APACHE II score 28.9±6.9; beta-blockers  age 61.3±13.4 years, weight 77.1±16.6, height 170.3±9.4 cm, APACHE II score 30.9±8.0.

Results: Patients with ACEI and beta-blockers had a significantly higher HRV at admission than patients without a treatment. During the first 28-days, patients with ACEI had a lower mortality then patients without ACEI. The 365-days-mortality showed a similar trend. Patients with a statin had a significant benefit during the 28days. The results in the beta-blocker-group were similar to the other. Patients with a beta-blocker had a better 28-days-mortalitiy then without (total mortality 62%, mortality with beta-blocker 26%, without 54%). 

Conclusion: Treatment with different medicaments could improve survival in MODS patients. This favourable effect might be mediated by a restoration of blunted HRV which could yield depression of the overwhelming inflammation seen in MODS. 

Hans D. Esperer, Chris Esperer & Martin Oehler

RMSSD is a measure of distal Poincaré plot asymmetries

Summary

Backgrund:  Analysis of Poincaré plots from RR- intervals is gaining increasing interest in a variety of clinical and research disciplines. One of the most conspicuous features of a two-dimensional Poincaré plot is the asymmetrical shape of the comet patterns manifetsing in young healthy subjects with sinus rhythm. This asymmetry is a manifestation of nonlinear heart rate dynamics (HD).

Objectives: The aim of this paper was to investigate the abilitc of  simple HRV indices, such as RMSSD, to quantifiy the Poincaré plot asymmetries and thus track HD nonlinearities.

Methods:  15 young  healthy subjects aged:29 ± 6 years (group A) with markedly asymmetric comet shapes and 10 healthy controls aged  40 ± 15 years (group B) with minimally asymmetric or symmetric comet patterns were included. Each participant underwent 24-hour Holter monitoring using a Spiedrview recorder and a Synescope arrhythmia analyzer. From each 24-hour- ECG recording, time domain (NNMEAN, SDNN, RMSSD) and Poincaré plot indices were determined and correlated. Left- and right-sided comet asymmetrywas defined with respect to the Poincaré bisectro (line of identity: y=x) and quantified in terms of the left-sided (W_L) and right-sided (W_R) asymmetry  magnitude, resp..

Results: Both W_L and W_R were closely correlated to RMSSD, but only slightly correlated to SDNN. Subanalysis of the circadian profile of the time domain and Poincaré plot indices showed also a very close relationship bwtween RMSSD and W_L and W_R, resp.. In contrast, NNMEAN was only weakly related to W_L, and W_R, and SDNN showed no consistent correlation at all.

Conclusions: From these results it is concluded that RMSSD is a good correlate of the magnitude of both left-sided and right-sided comet asymmetry.  It is also concluded that RMSSD, thus, captures the magnitude of nninearities in heart rate dynamics. 

Matthias Weippert, Mohit Kumar, Steffi Kreuzfeld, Dagmar Arndt & Regina Stoll

HRV-based VO2max-estimation under sub-maximum load

Summary

Objectives: Maximum oxygen consumption (VO2max) is one oft he most valid fitness indices. VO2max-estimation on moderate load-levels is interesting for risk-patients as well as performance diagnostics in sports medicine. Artificial intelligence techniques help to model stress-strain-relations using heart rate variability (HRV) data in various fields. Aim of this study was to develop an online-capable Fuzzy-model, which is able to estimate individual VO2max-values at sub maximum intensities using time-frequency analysis of HRV.

Methods: 20 male and female subjects (10/10) were investigated during a ramp load cycling protocol (all out testing). Parameter of gas exchange (EOS Sprint, Jäger Inc.) and inter-beat-intervals (IBI) of successive cardiac cycles (S810i, Polar Inc.) were permanently recorded. For analysis of one minute IBI-series in time-frequency domain we used Continuous Wavelet Transform (CWT). CWT-data served as model input parameters.  Relative VO2max was defined as model output. For the training and testing of our model data set was half-split.

Results: A Fuzzy-based model has been developed, that solely uses time-frequency-parameters of IBI-series as input-data. Our model is capable of estimating individual maximum oxygen consumption on submaximum levels with high accuracy (R² = 0,75 for training data, R² = 0,70 for testing data).

Conclusions: The developed model provides accurate physical fitness estimation in an inhomogeneous population on submaximum load levels. Artificial intelligence techniques (e.g. fuzzy logic) can handle uncertainties due to individual and load specific HRV-patterns. Thus HRV-inherent information can be revealed and made applicable. For improving accuracy of estimate further population- and load-specific models should be developed, including additional easy assessable input parameters. 

Andreas Rosenhagen, Meike Bürklein, Christian Thiel, Lutz Vogt & Winfried Banzer
Cardiac regulation of world-class tennis players and risk of overstraining in the preparation period

Summary

Background: In professional tennis, the preparation period at the end of the year offers the only opportunity to substantially improve athletic capacities. Thus, obtaining objective information on overstraining due to high training volume and intensity is of high relevance. Recently, heart rate variability (HRV) has gained importance as an indicator of changes in vegetative state (Uusitalo et al. 2000). For the first time, the current study outlines changes in HRV in relation to maximum oxygen consumption (VO2max) and classic laboratory markers in the preparation period of three world ranked players.
Methods: Three healthy male professional tennis players (26-28 years, BMI 21.8-23.8 kg/m2, 7-10 years of ATP tour experience), each exemplary of top 10, top 100 and top 1000 level, were chosen for this case study. The individually adjusted training focused on improving aerobic endurance and specific speed endurance, as well as stabilising and strengthening local and global muscle groups for performance improvement and injury prevention. Urea as laboratory marker, VO2max and short-term ECG (VarCor PF5) were obtained before and after the 5-week preparation period. HRV time- (RMSSD) and frequency-domain parameters (TP, 0.04-0.40 Hz) were calculated.
Results: Changes in VO2max and HRV before and after training were shown. The concentration of urea increased by 37, 48 and 4% (Top 10, top 100 and top 1000 player).
Conclusions: The longitudinal monitoring shows a reduced total variability (TP) and a concomitant reduction of RMSSD, indicating modulated vagal regulation performance. Considering that the top 10 and top 100 player realised higher absolute training amounts and intensities due to their good to excellent initial aerobic fitness, this can be interpreted as expressing high psycho​physiological strain in the sense of an overstrain indicator. The signs of overreaching are supported by the laboratory analysis. Further standardised longitudinal observations are necessary in order to utilise the potential of HRV within the scope of individual training management.
Christian Thiel, Lutz Vogt,  Markus Hübscher, Alfred Rütten & Winfried Banzer

Target-group sensitive evaluation of a physical activity promotion among disadvantaged women (BIG-Project)

Summary

Background and aim: For various reasons, the scientific evaluation of integrative approaches of physical activity promotion minorities and target groups with specific socioeconomic background remains a challenge. Distinctive participant characteristics require the use of culturally sensitive, non-invasive and non-exercise methods of assessment. In a target-group sensitive way, this study evaluated the effects of participatory physical activity programmes of a regional model project.
Methods: "Movement as an investment for health - the BIG project" is a health promotion approach for women in difficult life situations, involving them into the development, implementation and realisation of physical activity interventions. In a prospective, non-randomized controlled trial, 22 women (intervention group) (42.2±12.4 years) were assessed before and after their participation in guided 10-week physical activity programmes which had been designed and implemented in collaboration with target group members. 18 physically inactive women (52.5±11.8 years) served as controls. To assess cardiac-autonomous regulation, short-time heart rate variability (HRV) was recorded (Polar S810, Finland) and signals subsequently processed using HRV-Analysis 1.1 (University of Kuopio, Finland). Aerobic capacity (VO2peak) was assessed using a non-exercise regression model based on bio impedance analysis (BIA 101/S, Data input, Germany), gender and physical activity rating (Stahn et al. 2006).
Results: ANOVA showed no significant interaction effects (time x group) for BMI and VO2peak. After intervention, a significantly higher (p<.01) total power [ms2] of heart rate variability was observed in the intervention group versus controls.
Discussion: HRV and non-exercise VO2 prediction appear to be applicable for a sensitive, non-exercise assessment of vegetative and cardiorespiratory parameters, which may contribute to the acceptance of evaluation measures by the target group. The intervention induced favourable physiologic adaptations, particularly in terms of cardiac autonomous regulation.
Tobias Böselt, Martin Steiner & Olaf Hoos
Step frequency (StF) and heart rate variability (HRV) during high-intensity stages of the Conconi-running-test

Summary

Locomotor-(cardio)respiratory coupling (LRC) during exercise is a self-organized phenomenon, that might be detectable during field running using StF and HRV-data. The major goal of the study was the analysis of StF and stride frequency (SF), HRV and LRC during high-intensity stages of the conconi-running test. Stride frequency, step frequency (SF=2·StF) and RR-Intervals of n=15 sports students (age: 24,8±3,6years) were measured (Polar RS800/s3) during a distance-based Conconi-running-test (start: 6km/h-8km/h; every 200m +0,5km/h). HRV power spectral analysis (64s-window, interpolation: 4Hz, AR-Model, order: 20) was calculated and spectral power (ms² and %) and peaks (Hz) of HF- (0,15-1,0Hz) and VHF-band (1,0-2,0Hz) were determined for the 5 fastest running stages. LRC was calculated by dividing SF and HF-peak. Relations between HRV-parameters and SF/StF were assessed using linear regression analysis. At the most intense running stages SFs of 1,40±0,06Hz (StF=2·SF: 2,80±0,13Hz) and mean heart rates of 177±18beats/min occured while total running distances of 2985±569m were covered. HRV power spectral analysis yielded low spectral powers (TP: 1,39±1,63ms²; HF: 0,50±0,49ms²; VHF: 0,25±0,28ms²), while showing one distinct peak in each HF- and VHF-band. Significant correlations appeared for SF/StF and HF-peak (r= 0,88; p<0,01) as well as for SF/StF and VHF-peak (r= 0,51; p<0,01). At maximum running intensity subjects showed different locomotor-(cardio)respiratory coupling ratios (LRC) with 2:1 (53%), 3:2 (40%) and 3:1 (7%) strides per breath. In conclusion, during high-intensity running RR-interval data include high-frequency spectral peaks (>>0,4Hz) that do not occur at rest. HF-peak seems to reflect breathing frequency via respiratory pump, while VHF-peak might be related to stride frequency and muscle pump function. SF/StF and HRV-PSA seem to enable quantification of locomotor-(cardio)respiratory coupling (LRC) during field exercise and show different coupling strategies at maximum running intensity that warrant further elucidation.

Martin Steiner, Steffen Hilbert, Steffen Müller, Kuno Hottenrott & Olaf Hoos 

Heart Rate Variability and Stride Frequency during a 10 km Run
Summary

Background: A self-organized locomotor-respiratory coupling (LRC) occurs during strenuous running, which has already been quantified through treadmill and field running tests. However, the results concerning the nature and stability of the coupling vary and are inconsistent depending on the intensity of the run and the runner’s level of training experience. The aim of this study was to assess heart rate variability (HRV) and stride frequency (SF) during a 10 km running competition and to investigate the coupling of stride frequency (SF) with breathing frequency (BF) which can be estimated based on HRV power spectral analysis.

Method:The HRV and stride frequency of 15 runners (age: 34.1±11.5a) with heterogeneous endurance performance ability were continuously recorded during the entire competition period of a 10km run (Polar RS800/s3). Spectral results (in ms² and in %) and frequency peaks in the High Frequency (HF) band (0.15-1.1Hz) and Very High Frequency (VHF) band (1.1-2.0Hz) as well as total power of the HRV-Power Spectrum (4Hz Interpolation, FFT, Welchs Periodogram, 256 Points, 50% Overlap) were calculated over the last 512s of the 10 km run. The ratio of SF and HF peaks was used as the basis for estimation of LRC (Sumi et al. 2006). These parameters were then correlated with the 10km results.

Results: With an average speed of 4.03±0.66m/s (10km-time between 29:57-52:25min), a mean heart rate of 176.9±13.3S·min-1, ZF of 2.90±0.14Hz and a stride length (SL) of 1.39±0.19m (4.6±0.6 feet) occurred. The correlation of SF, SL and VHF-Power with the race results became significant (SF: r=0.59, p<0.05) and highly significant (SL: r=0.95, p<0.01, VHF%: r=0.69, p<0.01). The HRV-Power spectral density revealed low values in all frequency bands (TP: 4.59±3.28ms², HF: 2.93±2.73ms², VHF: 1.31±1.35ms²) with a simultaneously well identifiable HF-peak, which correlated significantly with race results as well as with SF (each r=0.55, p<0.05).

Conclusion: The close relationship between stride frequency and HF-peak indicates the existence of a LRC, which is revealed by support of the HRV- spectral analysis. Using this methodology under real competition conditions, integer ratios of 2:1 (13.3%) and even more often of 3:2 (53.3%) were found. These results offer new possibilities regarding the analysis of self-organized coupling phenomena within competitive sport and questions the dominance of the 2:1-coupling during strenuous running.
Eric Kappes & Christian Simon

Comparison of Polar OwnZone und lactate controlled endurance training in recreational runners

Summary

Background & Aim of study: Established lactate-based methods to control training intensity in endurance training meet economical limits for the majority of recreational runners. Evaluation of the Polar OwnZone might be a practical alternative. The aim of this study was to analyze potential differences in efficiency of endurance training at intensities determined by either lactate or polar OwnZone analysis.
Method: Based on running velocity at the 4 mmol- lactate level (VL 4) 30 recreational marathon runners were assigned to 2 physically matched groups (n = 15). Intensities of training for 8 weeks (50-80 km per week in 2-5 trials) were determined with the lactate or the OwnZone method. Training effects were assessed by lactate field tests before and after the training period and analyzed for group differences by Repeated-measures, Two-way Analysis of Variance (ANOVA).
Results: Average training volumes an intensities were virtually identical in the two groups. A tendency for improved efficiency according to average running velocity at the 4 mmol-lactate level was indicated in each group. However, the differences between pre- vs. posttraining efficiency levels could not be confirmed statistically (0.1>p>0.05).
Conclusion: The results of this study on recreational marathon runners indicate that Polar OwnZonecontrolled training is an economically suitable and useful alternative to established lactate-controlled endurance training. That training effects remained small may be attributed to the short training period. For this reason, future studies should use longer training periods.
Hubert Janik, Nadine Nowack & Karin Kraft

Heart rate variability (HRV) – a measure to observe the physiological response during a peat bath in rehabilitation medicine

Summary
Introduction: Peat baths are used in rehabilitation medicine to treat e.g. pain syndromes. The resulting increase of the central body temperature by 1 - 1.5 °C is a substantial stress for the cardiovascular system. The aim of the study was to investigate the influence of a peat bath on the activity of the autonomic nervous system.

Methods: RR-intervals determined by a 24 h-ECG (Ela medical®, SORIN GROUP) from 21 young healthy untrained women (27.05 ± 6.85 years, BMI: 21.21 ± 1.70 kg/m2) were collected during recumbent rest period P1 (initial value: 1), during a 20 min peat bath (comprising 3 time series 2a, 2b, 2c, per 6 min, bath temperature 40.5 ± 0.2 °C, room temperature 22.6 ± 0.7 °C) and a following 20 min recumbent phase P2 (comprising 3 time series 3a, 3b, 3c, per 6 min). Heart rate variability (HRV) was calculated.

The high frequency spectrum (HF) of HRV reflects parasympathetic nervous activity, the low frequency spectrum (LF) and the ratio LF/HF describe sympathetic activity.

Results: The percentages of LF and HF were comparable (45.5 %; 46.0 %) at the initial recumbent phase P1. During the bath (2a, 2b, 2c) the percentage of LF (53.0 %; p < 0.05), LF/HF (p < 0.001), and the heart rate (p < 0.001) were increased compared to P1. The percentage of HF decreased during the bath continuously (last 6 min, 2c: 29.7 %; p < 0.001). During P2 heart rate remained slightly increased compared to P1 (p < 0.05), LF, HF and LF/HF returned to their initial values immediately. 

Conclusions: In healthy young women, a 20 min peat bath increases sympathetic activity slightly, but reduces parasympathetic activity substantially. All values returned to initial values within the following 20 min recumbent phase. An unexpected frequency shift during a peat bath could indicate critical situations. For elderly and patients with severe cardiovascular diseases this might be of importance.
Matthias Weippert, Dagmar Arndt, Steffi Kreuzfeld & Regina Stoll

Heartbeat recording using different mobile devices – effects on HRV power spectrum

Summary

Objectives: Heart rate variability (HRV) is increasingly used for assessing stress and strain reactions in sports- and psychophysiology research. Availability of precise and cheap mobile devices enables the easy, non-invasive and -reactive recording of inter-beat-intervals, which forms the basis of HRV frequency analysis. Different results for HRV-frequency analysis is not only due to diverse transformation methods but also hardware specific sampling rates and R-wave detection. This study aimed at comparing a mobile ECG device (cardiolight, Fa. Medset) and two mobile heart rate monitors (S810i, Polar Inc. and t6, Suunto Inc.), focusing on HRV frequency power values.
Methods: Therefore inter-beat-intervals (IBI) of 21 healthy male subjects were recorded during rest and during low and moderate physical activity. IBI`s were simultaneously recorded with all three devices. More than 80000 IBI´s were used for comparisons between devices. 136 IBI-series of 3 minute length were CW-transformed. Deviations of Total Power, VLF-, LF- and HF-Power values calculated for device-matched IBI-series were statistically analyzed.
Results: Deviations regarding IBI-length are statistically significant but very small, especially between the two mobile heart rate monitors. This is mirrored by minor mean deviation in all HRV frequency bands (<3,0%). However standard deviation of differences due to IBI-recording with different devices showed higher values in the HF-Band (up to 13% between S810i and t6). Additionally we found deviations depending on mean frequency power. 
Conclusions: Comparability of HRV frequency data based on the IBI-measurement with different devices is confined. Especially under physical load conditions and when focusing on the HF-Band caution is advised.
Olaf Hoos, Antje Kratzsch, Kuno Hottenrott & Hans D. Esperer

Recurrance Quantification Analysis (RQA) of HRV during exercise at different intensities

Summary

RQA is a non-linear tool to classify determinism and complexity of short-term, non-stationary time-series and has already proven valuable in clinical HRV-diagnostics. The aim of this study was to assess determinism and complexity of heart rate dynamics by means of RQA during bicycle ergometry at different constant-load intensities.

Fourteen healthy active men (age: 25,9±4,7y; VO2max: 50,7±9,1ml/kg/min) performed two 20min constant-load exercises (B1, B2) on a bicycle ergometer (B1: blood lactate ~ 1,5-2mmol/l; B2: blood lactate ~3mmol/l). Blood lactate, VO2 and RR-Intervals (Polar s810i) were measured continuously during both exercises. The last 1500 consecutive RR-intervals were analyzed using RQA-software (VRA5.0). NNMEAN, SDNN and RQA-Measures DET, REC, LMax, ENT were calculated and statistically compared for both exercise intensities.

Both NNMEAN (B1: 500,8±44,7ms vs. B2: 410,0±42,2ms) and SDNN (B1: 12,1±3,8ms vs. B2: 7,7±3,4ms) decreased significantly (p<0,01), while metabolic demand (blood lactate: B1: 1,6±0,4mmol/l vs. B2: 3,2±0,3mmol/l; VO2: B1: 51,3±7,0%VO2max vs. B2: 70,5±10,2%VO2max) increased significantly (p<0,01). Of note, RQA-measures DET, REC, Lmax, LnENT showed no significant correlation with NNMEAN and SDNN. REC (B1: 1,0±1,2% vs. B2: 0,6±0,8%; p=0,34), Lmax (B1: 35±32 vs. B2: 25±20; p=0,31), and LnENT (B1: 1,04±0,16 vs. B2: 0,92±0,34; p=0,24) did not differ between both exercise loads and all REC-values remained in a tolerable range of 0,1-5,0%. In contrast, DET (B1: 87,2±5,2% vs. B2: 81,4±10,8%) decreased significantly (p<0,05) with increasing exercise intensity.

In agreement with data obtained by means of other non-linear methods our results show a decrease in determinism from light to moderate exercise intensity. This might represent a trend towards a more stochastic nature of RR-interval time series. Furthermore, for low to moderate exercise intensities RQA-measures seem to be independent of overall variability (SDNN) and mean RR amplitude. Therefore, RQA may be a promising non-linear tool for HRV analysis during exercise. However, further methodological studies are needed to standardize Recurrence-Plot Analysis.

Olaf Hoos, Fabian Mörchen & Alfred Ultsch

Fractal scaling properties of heart rate during incremental cycling exercise in healthy active men

Summary

Linear measures of heart rate variability (HRV) have shown conflicting results during exercise. Therefore, the major goal of the study was to evaluate changes in heart rate correlation properties in healthy active men during incremental cycling exercise using non-linear detrended fluctuation analysis (DFA) technique.

n=20 healthy active men (age: 25,8±4,2y; VO2max: 49,8±7,9ml/kg/min) performed a graded exercise test on a bicycle ergometer until exhaustion (start: 60Watts; every 3min +20Watts). Blood lactate, ventilation and RR-Intervals were measured before, during and after incremental exercise testing. Fractal correlation properties of RR-Intervals were analysed using short-term scaling exponent α1 of DFA. ANOVA for repeated measurements and linear and non-linear regression analysis were performed to detect changes with increasing exercise load (%VO2max).

From resting conditions α1 changed substantially with increasing exercise load (%VO2max) showing a non-linear biphasic relation that could be described properly by third order polynomial regression (R²=0,75, p<0,01). After a first significant (p<0,05) increase of α1, a plateau with a dominant peak was reached at low exercise intensity (α1≈1,5 at 30-50%VO2max), indicating a strongly correlated heart rate behaviour that might coincide with intrinsic heart rate (IHR). Afterwards, α1 significantly (p<0,05) decreased almost linearly until exhaustion, indicating uncorrelated/stochastic or anticorrelated behaviour at high intensities (α1≤0,5 at ≥90%VO2max).

Our results on healthy active men agree with published data showing that DFA of HRV may detect subtle changes in HR dynamics form low- to high-intensity exercise. Furthermore, the obtained RR-scaling behaviour indicates a qualitative change in self-organized heart rate regulation that might be described best by a change from a complex autonomic control at rest towards a breakdown of interaction in control mechanisms with dominating non-autonomic heart rate control at high-intensity exercise. A stochastic feedback model and mechanisms of stochastic resonance might be suitable to describe the aforementioned changes in non-linear HRV measures during incremental exercise.

Anton Kesselbacher

Heart rate variability to guide endurance training

Summary

In the present field study it was tried to implement knowledge of medical and sports-scientific research on the subject of Heart rate variability (HRV) into practice of training.

With the use of an internet software values of HRV and an assessment of training or other demanding influences of 20 subjects (competitive athletes) were collected over months till years, nearly every day. These data were exported at regular intervals for analysis to an off-line software. After first analysis subjects and their coaches got information about the current HRV status in terms of an indicator. The coach was instructed to take this information into consideration of planning training. By means of a software-supported feedback system knowledge of HRV supported training and competition immediately was integrated into the evaluation procedures to generate the indicator. With increasing amount of data and experience the resulting indicator showed that cross section comparison is not very reasonable. From the profile comparison and the single case analysis assumption resulted that for most subjects a characteristic, with valuable information could be raised for control of training independent of a lab.

To sum up it can be said, that general valid statements for the intervention of training by means of HRV for competitive athletes is possible only limited. Nevertheless, a group-statistical assessment can be relevant for development and optimization of a method for using HRV as an indicator for stress in training. A HRV based hard- and software-controlled training intervention in competitive sport appears to be promising and also applicable, but only with consistent and standardized collection of data.

Hans D. Esperer, Babette Schädlich & Kuno Hottenrott

Nordic Walking leads to improved autonomic fitness in elderly healthy people

Summary

Background: Reduced heart rate variability (HRV) is a marker of increased mortality due to an imbalance of the sympathovagal cardiac modulation, which is associated with an increased susceptibility to potentially lethal cardiac tachyarrhythmias. On the other hand, increased efferent vagal activity has been shown to be cardioprotective regarding electrical stability. Although endurance training may result in an increased HRV, so far, this has not been shown to hold for Nordic walking (NW) in an elderly population.

Aim: To test the hypothesis that, in older people, moderate NW training (NWT) leads to a significant improvement of efferent vagal activity (cardiac autonomic fitness). 

Methods: After informed consent, 42 healthy subjects (70% females) aged 62.1 ± 6.4 years (range: 52 – 75 ys) with sinus rhythms were entered in a prospective study. Each subject underwent an autonomic test battery and short-term HRV was assessed by means of Poincaré plot analysis prior to and immediately after an eight weeks NW training period. 

Results: Moderate NWT of eight weeks resulted in significant improvement in the Poincaré indices Wmax and Lmax. Thus, Wmax increased from 64 ± 21 ms to 87 ± 34 ms (p< 0.001), and Lmax increased from 350 ± 100 ms to 455 ± 170 ms (p< 0.0001). Mean cycle lengths also showed a significant increase after NWT: 870 ± 110 ms vs. 918 ± 102 ms (p< 0.0001).  

Discussion: The results demonstrate that even an eight weeks period of moderate NWT is able to improve autonomic fitness, i.e. efferent vagal activity in an elderly healthy population. Thus, NWT seems to be cardioprotective. Nevertheless, further work needs to elucidate how our results translate into improved prognosis. 

Deborah Löllgen, Michael Mück-Weymann & Reinhard Beise 

HRV - Changes under physiological, psychological and mental stress

Summary

Introduction: Gathering context information provides valuable information on an individuals’ physical state during long term monitoring. Beside physiological data it is desirable to assess psycho-emotional states. 

Objektives: To assess whether and to what extent it is possible to identify psycho-physiological patterns related to physical and mental strain by assessing physiological parameters suitable for long term recording under daily life conditions. MWe evaluated the effect of different stressful tasks on respiration, pulse transit time (PTT) and heart rate variability (HRV) on 20 healthy subjects. 
Results: Mental and physical strain had the strongest influence on respiration, PTT and HRV. Change of posture, pain and emotions did not show characteristic patterns. 

Conclusion: Situations of mental and physical strain can be detected during long term monitoring. In contrast, changes in posture, occurrence of pain or negative emotions cannot be assessed directly without further effort. 
Thomas Finkenzeller & Günter Amesberger

Reliability and validity of heart rate variability parameters in a sport specific stress test

Summary

Introduction: In the field of sport psychology questionnaires and performance tests are predominantly applied in the diagnostic process. Recently, psycho-physiological measurements are used more frequently for the assessment of the athletes’ competence in self-regulation. However, the used stress tests neither are sport specific nor proved on test criteria. Aim of the study is to show if HRV is a reliable and valid parameter in a sport specific stress test.
Methods: A sport specific stress test was developed which consists of four stress conditions: video perception test, memory, sports quiz and balance test followed respectively by three minutes relaxation phases. The reliability of the HRV- Parameters was assessed by using a test-retest design (time interval of 14 to 28 days). Validity was tested by correlating physiological data with well established questionnaires measuring coping strategies and patterns of behaviour and experience. Furthermore, the sensitivity of the test to alterations in HRV induced by a five week lasting biofeedback training was analysed.
Results: RMSSD, pNN50, HF and LF/HF in baseline and relaxation condition are assessed to be reliable. Concerning stress conditions and difference values of stress condition and following relaxation condition, the reliability of HRV- Parameters is low to moderate. The study failed to confirm the validity of HRV as an indicator of stress regulation. The results of the intervention study indicate that the stress test could be sensitive to alterations in HRV. 
Conclusion: At the moment, the application of the sport specific stress test in the sport psychological diagnostic process can not be recommended. Further studies are warranted to clarify the question of appropriate stress regulation HRV- parameters.

Daniel Hamacher, Christoph Altmann & Lutz Schega

Heart Rate Variability in patient with cardiovascular disease in average altitude

Summary

Introduction: To what extent the sojourn in patients with cardiovascular disease (cd-patients) in average altitude levels affect the strain, caused by the acute hypoxia in average altitudes, is very important for both therapy and leisure within the scope of the secondary prevention. Studies with healthy people showed a movement of the balance of the sympathetic and parasympathetic nervous systems with increasing altitude (Sevre et al., 2001). Therefore, the aim of this study consisted of checking whether danger for these patients in average altitude can be verified by means of analysing the Heart Rate Variability (HRV). 
Method: Based on the different average altitude levels of 1400m versus 2400m, the RR intervals of 14 CD-patients were measured in rest (RP) and in symptom limited exhaustion (SA) on the basis of a standardized bicycle ergometer test with graded loads (step load 2min, 25 watts) using an heart rate monitor (S810 Polar®). Subsequently the data was analysed with the program Polar Precision performance SW®. Following the filtering of raw data and detection of the artefact measurement by a LabVIEW® VI the calculation followed from relevant parameters (time domain: Mean RR, STD, RMSSD; Poincaré-plot: SD1, SD2; frequency domain: LF-Peak & power, HF-Peak & power, LF/HF) with the help of the HRV analysis software®. Changes in variables of RP and SA caused by the different altitudes were examined with the nonparametric Wilcoxon test. The level of significance was set at alpha P < 0.05.
Results: In comparison to the RP in 1400m versus 2400m altitude, no statistically verified differences can be shown at any value of the HRV. The same is true for SA excluding the Median of the Mean RR (+0,3% at 2400m, p =.020). During the comparison of the RP and the SA within the altitude levels the variables of the time domain and of the Poincaré-plot show the variances described in the literature, no change is provable with the values of the frequency domain. 
Discussion: The results show that the analysis of the HRV is suitable for interpretation by Time domain and Poincaré-plot variables to specify the strain of cd-patients in average altitude levels. Thus the HRV can be used for the purposes of achievement-oriented diagnostic.
Kuno Hottenrott, Steffen Müller & Martin Steiner

Autonomic effects of activated water molecules as an inhalative adjunct

Summary

Background and aim: Inhalative agents have long been used in clinical medicine in the prevention and cure of diseases. Sporadic reports suggest a positive effect of inhalative compounds regarding the energy metabolism in athletes. The aim of this study was to analyse potential autonomic effects of activated water molecules as an inhalative adjunct. More specifically, the aim was to test the hypothesis that a 21-minute inhalation therapy results in an increase of HRV parameters using the AirnergyTM system.  
Methods: 40 students of sport science aged 23,9 ± 2,7 (range: 21 to 31 ys) were included in a placebo controlled prospective trial.  Each participant underwent a test battery consisting of three phases: ( 1 ) 10 minutes rest in supine position (MZP 1 ); ( 2 ) intervention phase lasting 21 minutes, during which verum or placebo was inhaled (MZP 2); and ( 3 ) post-intervention phase lasting 10 minutes (MPZ 3 ).  During all three phases the RR-intervals were continuously recorded using a Polar S810iTM QRS- recorder.  Simultaneously, a 5-min ECG recording was performed during each of the three test phases using a VicardioTM system (Energy Lab Technologies). From the recordings, the spectral powers of RR-Intervals were calculated for the LF (0,04-0,15 HZ) and the HF (0,15-0,4 Hz) frequencies , respectively. In addition, the cardio stress index (CSI) was determined. 
Results: In the verum group, the following indices showed significant differences comparing MZP 1 versus MZP 2: LF power, HF power, and L/HF ratio. Thus, LF power increased significantly (p<0.01) from 48,36 ± 17,1% to 58,62 ± 15,6%,. In contrast, HF power decreased significantly (p=0.006) from 46,9 ± 18,2% auf 36,55 ± 16,5%
However, CSI did not differ significantly between the test phases. In the placebo group none of the indices tested differed significantly between the test phases.  Interestingly, in both study groups, mean heart rate decreased significantly between MPZ 1 and MPZ 2 remaining constant thereafter. . 

Discussion: Our results suggest an acute short-lived effect of the inhalation of activated water molecules on efferent vagal activity as assessed by spectral HRV indices. However, the bearings as to improvements in cardiac energy metabolism or increased stress tolerance are unclear and warrant further studies.
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