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Summary 

Respiratory sinus arrhythmia (RSA), i.e. heart rate (HR) variations 

during inspiration and expiration, is considered as a noninvasive 

index of cardiac vagal control. Mitral valve prolapse (MVP) could 

be associated with increased cardiovascular risk; however, the 

studies are rare particularly at adolescent age. Therefore, we 

aimed to study cardiac vagal control indexed by RSA in adolescent 

patients suffering from MVP using short-term heart rate variability 

(HRV) analysis. We examined 12 adolescents (girls) with MVP (age 

15.9±0.5 years) and 12 age and gender matched controls. Resting 

ECG was continuously recorded during 5 minutes. Evaluated HRV 

indices were RR interval (ms), rMSSD (ms), pNN50 (%), log HF 

(ms2), peak HF (Hz) and respiratory rate (breaths/min). RR interval 

was significantly shortened in MVP group compared to controls 

(p=0.004). HRV parameters-rMSSD, pNN50 and log HF were 

significantly lower in MVP compared to controls (p=0.017, 

p=0.014, p= 0.015 respectively). Our study revealed reduced RSA 

magnitude indicating impaired cardiac vagal control in MVP already 

at adolescent age that could be crucial for early diagnosis of 

cardiovascular risk in MVP.  
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Introduction 

 

Breathing and cardiac activity are tightly coupled 

resulting in heart rate variations according to respiratory 

pattern-heart rate (HR) increases during the inspiratory 

phase and vice versa, HR declines during the expiratory 

phase. This physiological phenomenon known as 

respiratory sinus arrhythmia (RSA) is the result of multiple 

central and peripheral mechanisms. From physiological 

view, vagally-mediated cardioinhibitory center 

represented by nc. ambiguus is influenced by breathing via 

many pathways involving the interaction between 

cardioinhibitory and respiratory centers (Chen et al. 2017), 

activation of the pulmonary stretch receptors associated 

with lung inflation, or reflex responses to the changes in 

intrathoracic and blood pressure changes (Mortola et al. 

2016, Langer et al. 2018). However, cardiac-linked vagal 

efferent modulation from the nc. ambiguus is influenced 

by several brain regions included also in cognitive and 

emotional processing (e.g. amygdala, cingulate, prefrontal 

cortex), therefore, the RSA is considered as a noninvasive 

marker of cognitive/emotional regulation in 

psychophysiological research. Taken together, this 

complex cardio-respiratory regulatory network modulates 

both preganglionic vagal and sympathetic motoneurons 
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resulting in respiratory-linked “beat-to-beat” HR 

oscillations-short-term heart rate variability (HRV) 

determined mainly by vagal efferent outflow (Thayer and 

Lane 2000, 2009). Moreover, objective neuroimaging 

studies revealed that respiratory-linked short-term HRV is 

associated with several central regions such as prefrontal 

or cingulate cortex (Lane et al. 2009, Thayer et al. 2012). 

RSA can be quantified by short-term HRV linear 

analysis providing information about respiration-related 

effects on the high-frequency band (HF-HRV). Recent 

study noted that RSA quantified by various HRV time-

domain and frequency-domain analysis could provide 

important information about discrete abnormalities in 

cardiac vagal control (Mestanik et al. 2019).  

Mitral valve prolapse (MVP) characterized by 

one or both abnormal mitral leaflets in the left atrium 

contributing to mitral regurgitation represents common 

defect afflicting 2-3 % of world population that is 

manifested by late systolic murmur (Hu and Zhao 2011, 

Delling and Vasan 2014). The most common symptoms 

coupling with MVP are palpitations, orthostatic rhythm 

disorder, exertional dyspnoea, anomalous chest pain, and 

neuropsychiatric symptoms (e.g. anxiety) (Delling and 

Vasan 2014).  

With respect to MVP-linked autonomic 

regulation, current studies focus mainly on sympathetic 

branch revealing elevated concentrations of 

catecholamines in circulation and enhanced β receptor 

affinity indicating the presence of hyperadrenergic state 

(Hu and Zhao 2011, Hu et al. 2014). Additionally, several 

studies emphasized the role of respiratory-linked cardiac 

vagal regulation (indexed by short-term HRV) in 

assessment of cardiovascular risk (Jíra et al. 2010). In this 

aspect, autonomic sympathovagal imbalance - decreased 

parasympathetic activity associated with increased 

sympathetic activity - can lead to various diseases 

associated with higher cardiovascular risk also in MVP 

(e.g. hypertension, tachycardia, procoagulation, metabolic 

syndrome) (Hu and Zhao 2011, Abboud et al. 2012, Licht 

et al. 2013, Garafova et al. 2014, Mestanik et al. 2015). 

Despite the fact that MVP is characterized by sympathetic 

overactivity, the cardio-respiratory coupling indexed by 

RSA could be crucial in the early diagnosis of 

cardiovascular risk in MVP already at vulnerable 

adolescent age. However, this question is still unclear. 

We addressed the hypothesis that MVP could be 

associated with impaired HR autonomic regulation already 

in adolescents, therefore, we aimed to study cardiac vagal 

control indexed by RSA in adolescents suffering from 

MVP. To the best of our knowledge, this is the first study 

to assess cardiac chronotropic regulation using short-term 

HRV analysis in MVP at adolescent age.  

 

Methods 

 

The study was approved by the Ethics Committee 

of Jessenius Faculty of Medicine in Martin, Comenius 

University in Bratislava in accordance with the 1964 

Helsinki declaration and its later amendments. All subjects 

and their parents were carefully instructed about the study 

protocol and they gave informed written consent to 

participation in the study prior to the examination. 

 

Subjects 

We examined 12 girls with MVP (age: 15.9±0.5 

years, body mass index: 18.2±0.6 kg/m2) and age/gender-

matched healthy girls as control group (age: 15.9±0.5 

years, body mass index: 20.5±0.6 kg/m2). The subjects 

suffering from MVP were recruited from specialized 

Pediatric cardiology, external workplace of Jessenius 

Faculty of Medicine in Martin. The MVP was diagnosed 

by specialist in pediatric cardiology. 

MVP was suspected according to the presence of 

typical midsystolic click during auscultation, which 

occurred alone or coupled with telesystolic murmur. All 

patients were characterized by symptoms of palpitations, 

syncope, chest pain or fatigue. Additionally, the non-

specific changes, e.g. flat or inverted T waves in II, III and 

aVF leads, were present on ECG recording. The final MVP 

diagnosis was confirmed by cross-sectional 

echocardiography, showing prolapse of one or both mitral 

leaflets in the long-axis view and four-chamber view. 

Moreover, Doppler echocardiography revealed mitral 

regurgitation in all patients with MVP.  

The exclusion criteria for both MVP and control 

group were following: smoking, overweight and obesity, 

history of recent acute illness or respiratory, 

endocrinological, neurological, metabolic, or infectious 

diseases or mental disorders. Only participants without 

pharmacological treatment were enrolled in the study.  

 

Study protocol 

Examinations were performed in a quiet room under 

standard conditions (temperature: 22-23 °C, humidity: 

45-55 %), with the minimization of stimuli, in the morning 

after normal breakfast, between 8:00 and 12:00 a.m. Before 

the examination, the participants were instructed to avoid 

physical exercise at least 24 h prior to the examination. 
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The subjects were asked to sit comfortably in 

a special armchair. Before examination participants rest 

15 min, ensuring autonomic nervous system stabilization 

and for the exclusion of potential effect of stress. 

Afterwards, participants remained in sitting position and 

continuous 5 min recordings of the time series of RR-

intervals were performed using Polar V800 (Polar Electro, 

Kempele, Finland) with sampling frequency 1000 Hz. 

 

HRV data analyses 

The time series of RR-intervals were derived 

from the continuous ECG-recordings and carefully 

checked for the presence of artefacts. The artefact-free 

5 min sequences of RR-intervals were analyzed by means 

of time- and frequency-domain methods using HRV 

analysis software package HRVAS (Ramshur 2010). 

 

Time-domain analysis 

In a time-domain analysis based on the 

calculation of beat-to-beat differences in the duration of 

RR-intervals, root mean square of successive differences 

(rMSSD, ms) and percentage of the number of successive 

heartbeats differing more than 50 ms (pNN50, %) were 

calculated. Parameters rMSSD and pNN50 are considered 

to represent the time-domain indices of RSA magnitude 

(Task Force 1996). 

 

Frequency-domain analysis 

Prior to HRV frequency-domain analysis, the 

slow fluctuations were filtered using smoothness priors 

detrending with Λ=500 (Tarvainen et al. 2002). 

Consequently, the spectral power in high-frequency band 

of HRV (HF-HRV, 0.15-0.40 Hz) was analyzed using 

frequency-domain parametric method of autoregressive 

(AR) spectral estimation using Burg periodogram. For the 

frequency-domain analyses using Burg periodograms, the 

time series of RR intervals were resampled using cubic 

spline interpolation with the frequency 4 Hz to meet the 

assumption of a regularly time-sampled signal. Estimation 

of HF-HRV with Burg periodogram (AR) was performed 

using model order 16, which is recommended for the short 

series of RR intervals with the sampling frequency 2-4 Hz 

(Boardman et al. 2002). Peak frequency within the high-

frequency band (peak HF, Hz) was assessed by AR method 

HF-HRV analysis and the respiratory rate (breaths, min-1) 

was calculated on the basis of respiratory-related HF 

frequency (Visnovcova et al. 2014). 

 

Statistical analysis 

Data were analyzed using statistical software 

package Systat (Systat Software Inc., USA) and R (R 

Foundation for Statistical Computing, Vienna, Austria 

2015), version 3.5.2. Data and basic descriptive statistics 

(median, lower and upper quartile) were visualized by 

boxplot, overlaid with swarmplot. Because the HRV 

parameter HF-HRV had positively skewed distribution, 

their values were logarithmically transformed for 

statistical testing. Normality assumption was assessed by 

the quantile-quantile plot with the 95 % confidence band, 

constructed by bootstrap. When the assumption of 

normality was not tenable, the Wilcoxon two sample test 

was used to test the hypothesis of the equality of the 

population medians of the quantity in question, in cases 

and controls. Otherwise, the t test was used to test the 

hypothesis of the population means. Results of test with 

the p-value below 0.05 are considered statistically 

significant. All data are expressed as mean ± SE. 

 

Results  

 

Statistical analysis revealed significantly 

shortened RR interval in MVP group compared to controls 

(638.11 ms vs 788.44 ms, p=0.004). The RSA magnitude 

indexed by HRV time- and frequency-domain parameters-

rMSSD, pNN50 and log HF - was significantly reduced in 

MVP group compared to controls (p=0.017, p=0.014, 

p=0.015 respectively). No significant differences were 

found in the remaining HRV parameters (peak HF, 

respiratory rate).  

Body mass index (BMI) was significantly lower 

in MVP group compared to controls (18.22 kg/m2 vs 20.51 

kg/m2, p=0.028). The results are summarized in the 

Table 1. 

 

Discussion 

 

Our study revealed reduced magnitude of RSA 

indexed by HRV short-term analysis in adolescents with 

MVP compared to controls indicating impaired cardiac 

vagal regulation. It seems that discrete abnormal cardio-

respiratory coupling indexed by RSA is associated with 

higher cardiovascular risk in MVP already at adolescent 

age. These findings are in accordance with study by Lin 

Han et al. (2000), who discovered reduced RSA magnitude 

indexed by HRV long-term analysis in children suffering 

from MVP. However, 24-hour Holter recordings used in 
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Table 1. HRV parameters 

 

Parameters Control 

(n=12) 

MVP 

(n=12) 

p-value 

Age (years) 15.92±0.51 15.92±0.51 nonsignificant 

BMI (kg/m2) 20.51±0.69 18.22±0.62 0.028 

HRV parameters 

Time domain analysis: 
   

RR-interval (ms) 788.44±39.53 638.11±19.65 0.004 

rMSSD (ms) 51.26±9.08 23.38±3.33 0.017 

pNN50 ( %) 25.40±6.88 5.63±2.51 0.014 

Frequency domain analysis:    

log HF HRV (ms2) 6.66±0.36 5.46±0.27 0.015 

peak HF (Hz) 0.23±0.02 0.28±0.02 0.065 

Respiratory rate (/min) 13.75±0.99 16.85±1.24 0.073 

 

BMI-body mass index, rMSSD-root mean square of successive differences of RR-intervals, pNN50-percentage of the number of successive 

RR-intervals differing more than 50 ms, log HF-logarithmic value of spectral power in high frequency band of heart rate, peak HF-peak 

frequency within high-frequency band of heart rate variability. Values are expressed as mean ± SE. 

 

 

this study for HRV analysis are influenced by numerous 

factors, e.g. diurnal rhythm-linked autonomic regulatory 

changes, hormonal changes, or daily activities (Kim et al. 

2018). Thus, the information related to alone cardiac 

autonomic regulation-specifically about cardio-respiratory 

coupling - is limited. In contrast, resting short-term HRV 

is determined mainly by vagal efferent outflow, thus, the 

respiratory-linked high frequency band of HRV is 

considered as a noninvasive marker of cardiac vagal 

control (Berntson et al. 1997, Thayer and Lane 2000, 2009, 

Laborde et al. 2017). However, the pathway linking 

abnormal cardiovagal regulation and MVP found in our 

study is still unclear. Several mechanisms are suggested.  

Firstly, hemodynamic changes related to MVP 

could represent an important factor influencing 

chronotropic regulation of heart activity. Specifically, the 

MVP can be associated with mitral regurgitation, or the 

MVP is diagnosed without mitral regurgitation. In our 

study, all patients suffering from MVP were characterized 

by mitral regurgitation, therefore, mitral regurgitation-

linked hemodynamic changes (increased pulmonary 

capillary wedge pressure and volume overload) 

(Bakkestrøm et al. 2018) may lead to increased volume 

and pressure overload in right atrium affecting sinoatrial 

(SA) node as the primary pacemaker (Cooper and Kohl 

2005). In this context, local heamodynamically-mediated 

SA distension could represent one of the pathomechanisms 

leading to impaired heart rate control in MVP.  

Further, HR control is under cortical tonic 

inhibitory control peripherally via the vagus (Levy 1990, 

Uijtdehaage and Thayer 2000). From this perspective, 

afferent-efferent vagal pathways involved in HR control 

are regulated via central autonomic network (CAN). 

Structurally, CAN represents integrated component 

consisting of several interconnected cortical as well as 

subcortical brain areas through which the brain controls 

visceromotor, neuroendocrine and behavioral responses 

(the anterior cingulate, insular, and ventromedial 

prefrontal cortices, the central nucleus of the amygdala, the 

paraventricular and related nuclei of the hypothalamus, the 

periaqueductal gray matter, the parabrachial nucleus, the 

nucleus of the solitarii tract, the nucleus ambiguus, the 

ventromedial and ventrolateral medulla, the medullary 

tegmental field) (Benarroch 1993). According to the 

neurovisceral integration model, the CAN structures are 

overlapping with brain areas involved also in attentional, 

cognitive and emotional network (Thayer and Lane 2000). 

Taken together, RSA magnitude indexed by short-term 

HRV could be considered as an index of cardiac vagal 

control as well as cognitive/emotional regulation (Thayer 

and Lane 2000, Grossman et al. 2004). 

Importantly, the effective functioning of 

prefrontal-subcortical inhibitory circuits is crucial for 

emotional and self-regulation (Thayer and Lane 2000, 
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Thayer et al. 2009). Moreover, several pharmacological 

and neuroimaging studies have shown a positive 

association between the activation of inhibitory prefrontal-

subcortical circuits and cardiac vagal control as reflected 

by resting HRV (Ahern et al. 2001, Lane et al. 2009). In 

other words, under physiological circumstances the 

prefrontal cortex exerts its inhibitory control over 

sympathoexcitatory subcortical circuits resulting in high 

cardiac vagal control. In contrast, impaired prefrontal 

activity is associated with disruption of inhibitory 

functioning resulting in dominance of sympathoexcitatory 

subcortical circuits and reduced cardiovagal modulation 

(Park et al. 2013, Thayer et al. 2009, Park and Thayer 

2014). With respect to MVP, recent studies found 

emotional and cognitive dysregulation in patients with 

mitral regurgitation (Zinchenko and Pervichko 2014, Sung 

et al. 2019). It seems that disruption of prefrontal cortex 

inhibitory functioning linked to emotional/cognitive 

dysregulation could represent an important 

pathomechanism leading to diminished cardiovagal 

control in MVP. Thus, it is questionable whether our 

findings of lower cardiac vagal modulation are 

predominantly related to the MVP hemodynamically-

linked features or it is the reflection of discrete impairment 

of complex neurocardiac integrity in MVP already at 

adolescent age.  

 

Conclusion 

Our study revealed MVP-linked reduced RSA 

magnitude indicating abnormal cardiac vagal control that 

could be associated with higher cardiovascular risk in 

MVP already at adolescent age. We suggest that evaluation 

of RSA magnitude using short-term HRV analysis could 

be helpful for early diagnosis of cardiovascular risk in 

MVP. 

 

Limitations 

 

The studied group consisting only of female patients 

with MVP is relatively small. In this context, age and gender 

could represent an important factor influencing autonomic 

nervous system activity (Chang et al. 2016), therefore, our 

findings cannot be extrapolated to general population and 

need to be independently validated in larger groups of patients 

with respect to gender differences. 
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