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Abstract: 
Background: Respiratory patterns are known to have an impact on the autonomic regulation of cardiovascular 
function. It has been demonstrated that breathing slowly and deliberately can alter low-frequency (LF) variations 
in blood pressure (BP) and cardiac intervals, especially in the area of heart rate variability (HRV). However, 
research into the dynamic interaction of various breathing rates and how they affect LF components is still 
underway. 
Objective: In order to shed light on autonomic regulation and cardiorespiratory coupling, this study sought to 
investigate the effects of different breathing rates on low-frequency oscillations in systolic and diastolic blood 
pressure and RR intervals. 
Methods: From January 2024 to January 2025, this one-year prospective observational study was carried out at 
BIMS Pawapuri. Three distinct breathing rates—slow (6 breaths per minute), normal (12 breaths per minute), and 
rapid (18 breaths per minute)—were administered to healthy adult subjects during controlled breathing sessions. 
Validated equipment were used to collect ECG records and continuous non-invasive blood pressure monitoring. 
The LF components (0.04–0.15 Hz) of RR intervals and BP variations were extracted from the data using spectral 
analysis utilizing the Fast Fourier Transform. 
Results: According to preliminary results, LF power in RR intervals and systolic blood pressure was dramatically 
increased by slow breathing (6 breaths/min), suggesting improved baroreflex sensitivity and cardiorespiratory 
coupling. While rapid breathing (18 breaths/min) was linked to a decrease in LF components, indicating less 
autonomic regulation, normal breathing (12 breaths/min) preserved baseline LF fluctuations. For the majority of 
the measures, these changes were statistically significant (p < 0.05). 
Conclusion: Low-frequency cardiovascular oscillations can be measured in relation to breathing rate, with slow 
breathing improving baroreflex and autonomic balance. These results have consequences for stress management, 
clinical autonomic testing, and non-pharmacologic cardiovascular modulation therapies. A straightforward yet 
effective method for enhancing autonomic function in both healthy people and sick groups may be controlled 
respiratory exercise. 
Keywords: Breathing Rate, Low-Frequency Oscillations, Blood Pressure Variability, Heart Rate Variability, RR 
Intervals, Baroreflex, Autonomic Nervous System, Spectral Analysis. 
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Introduction

The autonomic nerve system (ANS), which 
dynamically regulates blood pressure and heart rate, 
is essential for maintaining homeostasis and 
continuously regulating cardiovascular function 
(Malliani et al., 1991). The intricate interaction 
between the sympathetic and parasympathetic 
branches of the ANS is reflected in these 
modulations, which are not random but rather 
exhibit periodic oscillations across many frequency 
bands (Task Force, 1996). Non-invasive measures of 
cardiovascular variability, particularly blood 
pressure variability (BPV) and heart rate variability 

(HRV), have become more popular in recent years 
as indicators of cardiovascular health, autonomic 
balance, and baroreflex function (Parati et al., 1995). 

The low-frequency (LF) band (0.04–0.15 Hz) is 
identified as one of the most significant frequency 
domains of cardiovascular variability. It is 
frequently impacted by breathing patterns and 
reflects both baroreceptor activation and 
sympathetic modulation (Pomeranz et al., 1985). 
Respiratory sinus arrhythmia (RSA), a condition in 
which heart rate varies with the breathing cycle, is 
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the result of the interplay between respiratory 
rhythm and cardiovascular oscillations (Yasuma & 
Hayano, 2004). Central cardiorespiratory coupling 
and mechanical feedback mechanisms, such as 
intrathoracic pressure changes during respiration, 
are the causes of this interaction (Berntson et al., 
1997). 

Numerous studies have shown that breathing slowly 
and deliberately, especially at a rate of about six 
breaths per minute, improves baroreflex sensitivity 
and parasympathetic tone, as seen by higher power 
in the LF component of HRV and BPV (Lehrer et 
al., 2003; Bernardi et al., 2001). Increased coherence 
between respiratory and cardiovascular oscillations 
is frequently linked to this improvement. 
Conversely, breathing too quickly or irregularly 
might cause autonomic synchronization to be 
reduced, which can result in decreased LF activity 
and poor autonomic regulation (Grossman et al., 
2004; Vaschillo et al., 2002). 

The physiological processes by which respiratory 
rate influences cardiovascular variability are still not 
fully understood, despite the increased interest in the 
therapeutic use of paced breathing techniques in the 
treatment of anxiety disorders, hypertension, and 
stress (Tsuji et al., 1996; Lehrer & Gevirtz, 2014). 
Empirical evidence from clinical and experimental 
settings in India is scarce, particularly when it comes 
to healthy people undergoing well monitored 
breathing techniques. 

In order to close this gap, this study examined the 
quantitative effects of three different breathing rates 
on LF variations in blood pressure and cardiac 
intervals: slow (6/min), normal (12/min), and rapid 
(18/min). Our objectives were to: 

Assess the LF components of HRV and BPV under 
each breathing state using non-invasive beat-to-beat 
blood pressure monitoring, continuous ECG 
recording, and spectral analysis techniques. 

Assess the degree of changed respiratory rhythms 
associated with baroreflex sensitivity modulation. 

Add to the expanding body of knowledge regarding 
the respiratory-cardiovascular link and its 
consequences for autonomic physiology and 
therapeutic regulation. 

By using this method, the study hopes to promote 
the use of breath modulation as a non-
pharmacologic intervention in the future to improve 
autonomic health and control cardiovascular 
responses in situations involving stress, age, or 
chronic illness. 

Materials and Methods 

Study Design and Setting: The Department of 
Physiology at BIMS Pawapuri, Bihar, carried out 
this prospective observational study over the course 

of a year, from January 2024 to January 2025. The 
main objective was to use non-invasive autonomic 
testing techniques to assess the impact of varying 
breathing rates on low-frequency (LF) variations in 
blood pressure (BP) and cardiac intervals (RR 
intervals) in healthy adult individuals. 

Study Population: Healthy volunteers between the 
ages of 18 and 45 were recruited for the study from 
the institution's student and staff body. To rule out 
any confounding factors, participants were 
evaluated using a thorough medical history, a 
comprehensive physical examination, and a baseline 
autonomic profile. 

Inclusion Criteria 

• Healthy adults aged 18–45 years 
• Resting blood pressure < 140/90 mmHg 
• Normal sinus rhythm on baseline ECG 
• Willingness to comply with the breathing 

protocol and provide informed consent 

Exclusion Criteria 

• History of cardiovascular, respiratory, 
neurological, or endocrine disorders 

• Use of medications affecting the autonomic 
nervous system 

• Smokers, alcoholics, or individuals with 
irregular sleep patterns 

• Athletes or those regularly practicing 
yoga/pranayama 

Breathing Protocol: To prevent diurnal change in 
autonomic tone, each subject was assessed in the 
morning in a calm, temperature-controlled 
environment. Before starting the procedure, subjects 
were instructed to lie down for fifteen minutes.  

In random order, three distinct paced breathing 
exercises were carried out, with 10-minute rest 
breaks in between:  

1. Breathe slowly at a rate of six breaths per 
minute (5 exhalations and 5 inhalations).  

2. A typical breathing rate of 12 breaths per minute 
3. Rapid respiration at 18 breaths per minute  

A metronome and a visual breathing app were used 
to direct the breathing rate in order to maintain 
steady respiratory patterns during each 5-minute 
session. 

Data Acquisition: Simultaneous 
electrocardiography (ECG) and non-invasive 
continuous blood pressure (Finapres or equivalent 
system) recordings were acquired during each 
breathing session. 

• ECG (Lead II) was used to extract RR intervals 
(time between successive R-peaks). 

• Systolic and diastolic blood pressure 
waveforms were continuously recorded beat-to-
beat. 
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• Data was digitized and stored for offline 
analysis using PowerLab (ADInstruments) and 
LabChart Pro software. 

Signal Processing and Spectral Analysis 

• Artifacts were removed through visual 
inspection and filtering. 

• Spectral analysis was performed using Fast 
Fourier Transform (FFT) algorithms to compute 
power spectral density. 

• The low-frequency (LF) band (0.04–0.15 Hz) 
was extracted for: 

o RR interval variability (HRV-LF) 
o Systolic blood pressure variability (SBP-

LF) 
o Diastolic blood pressure variability (DBP-

LF) 

Mean values were calculated for each parameter 
across the three breathing conditions. 

Statistical Analysis: The mean ± standard deviation 
was used to express the data. A one-way repeated 
measures ANOVA and the Bonferroni post-hoc test 
for multiple comparisons were used to compare the 
breathing conditions.  

• A statistically significant p-value was defined 
as less than 0.05.  

• To do statistical analysis, IBM SPSS version 25 
was used. 

Ethical Considerations: The BIMS Pawapuri 
Institutional Ethics Committee gave their approval 
to the study. Written informed consent was given by 
each participant, and anonymity was preserved 
during the entire data collecting and analysis 
process. 

Results 

Using non-invasive autonomic recording and 
spectral analysis, the study examined the effects of 
three distinct breathing rates—slow (6 breaths/min), 
normal (12 breaths/min), and rapid (18 
breaths/min)—on low-frequency (LF) fluctuations 

in RR intervals, systolic blood pressure (SBP), and 
diastolic blood pressure (DBP). 

LF Power in RR Intervals: In contrast to 750 ms² 
during normal breathing and 480 ms² during rapid 
breathing, the mean LF power in RR intervals 
increased dramatically during slow breathing, 
reaching a value of 1100 ms². Slow breathing was 
associated with a statistically significant (p < 0.05) 
increase in LF-RR, indicating increased baroreflex 
sensitivity and parasympathetic activation. Lower 
respiratory-cardiac synchronization and less 
autonomic regulation are indicated by the decrease 
in LF-RR power with quicker breathing. 

LF Power in Systolic Blood Pressure: Systolic 
blood pressure LF oscillations exhibited a 
comparable pattern. The LF power in SBP was 950 
mmHg² with slow breathing, 690 mmHg² during 
normal breathing, and 420 mmHg² during the 
highest respiratory rate. Increased vascular tone 
regulation, most likely due to improved baroreceptor 
reflexes and sympathetic-parasympathetic 
coordination, is shown in this rise in LF-SBP during 
slow breathing. 

LF Power in Diastolic Blood Pressure: LF power 
for diastolic blood pressure was 870 mmHg² when 
breathing slowly, 620 mmHg² when breathing 
normally, and 400 mmHg² when breathing rapidly. 
The tendency was the same even though the absolute 
LF values for DBP were marginally lower than those 
for SBP, indicating that respiratory modulation had 
a major impact on both aspects of blood pressure 
fluctuation. 

Overall Trends: Across all three physiological 
indicators, there was a definite negative correlation 
between LF power and breathing rate. LF 
fluctuations rose as breathing decreased, suggesting 
improved cardiorespiratory coupling and better 
autonomic coherence. Table 1 and Figure 1, which 
demonstrate the progressive decrease in LF power 
with increasing respiratory frequency, provide 
examples of these findings.

 
Table 1: LF Power across Breathing Conditions 

Breathing Rate LF Power (RR Interval) LF Power (Systolic BP) LF Power (Diastolic BP) 
Slow (6/min) 1100 950 870 
Normal (12/min) 750 690 620 
Rapid (18/min) 480 420 400 
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Statistical Significance 

• Repeated actions Significant variations in LF 
values among the three breathing circumstances 
were confirmed by ANOVA (p < 0.05).  

• In terms of LF power, post hoc comparisons 
revealed that slow breathing differed 
considerably from both normal and rapid 
breathing, especially in RR interval and SBP 
parameters.  

• Although a decreasing tendency was still 
visible, there was no statistically significant 
difference in DBP LF power between rapid and 
regular breathing (p > 0.05).  

These findings imply that by raising low-frequency 
power across a variety of cardiovascular measures, 
slow, timed breathing improves autonomic activity 
and cardiovascular stability. 

Discussion 

The results of this study provide insights into the 
processes of cardiorespiratory coupling and 
autonomic regulation by highlighting the significant 
impact of breathing rate on the low-frequency (LF) 
components of cardiovascular variability (Malliani 
et al., 1991; Berntson et al., 1997). We found that 
slow breathing (6 breaths/min) significantly 
increased LF power throughout RR intervals, 
systolic blood pressure (SBP), and diastolic blood 
pressure (DBP) using spectral analysis and 
controlled breathing techniques. 

According to Lehrer et al. (2003), who demonstrated 
that slow breathing maximizes heart rate variability 
(HRV) through resonance frequency processes, the 
rise in LF-RR power during slow breathing suggests 
higher parasympathetic involvement and improved 

baroreflex sensitivity. This finding is consistent with 
Grossman et al. (2004) and Vaschillo et al. (2002), 
who proposed that slow breathing enhances 
baroreflex effectiveness and stabilizes autonomic 
rhythms. Respiratory sinus arrhythmia (RSA), a 
rhythmic respiratory influence, intensifies the 
autonomic system's oscillatory function by 
becoming especially synced with baroreceptor 
reflex arcs at lower breathing rates (Yasuma & 
Hayano, 2004). 

In a similar vein, slow breathing markedly increased 
the LF components of both SBP and DBP. Driven 
by cerebral autonomic networks and the mechanical 
consequences of respiration, this improvement most 
likely reflects improved coherence between cardiac 
and vascular cycles (Cooke et al., 1998). These 
findings are in line with those of Yasuma and 
Hayano (2004), who postulated that regular 
intrathoracic pressure variations lead to improved 
mechanical coupling in addition to neural control as 
the cause of low-frequency blood pressure 
fluctuations during slow breathing. 

Conversely, in all three metrics, rapid breathing was 
linked to decreased LF power. Reduced vagal tone, 
shorter respiratory cycles, and less effective 
baroreflex engagement could be the cause of this. 
Our findings are consistent with research by 
Bernardi et al. (2001), which found that fast 
breathing lowers HRV and may cause circulatory 
instability when stress is present. Additionally, Tsuji 
et al. (1996) showed that lower HRV is linked with 
higher mortality risk, underlining the clinical 
relevance of maintaining autonomic modulation. 

Significantly, the slow breathing-induced LF 
amplification pattern was strongest in RR intervals, 
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indicating that respiratory pacing has a special effect 
on heart rate modulation (Lehrer & Gevirtz, 2014). 
There is great therapeutic potential in being able to 
affect autonomic tone with such a straightforward, 
voluntary movement. Based on these ideas, 
breathing techniques and biofeedback-based 
therapies are being utilized more and more in the 
treatment of anxiety, hypertension, and 
cardiovascular rehabilitation (Lehrer et al., 2003; 
Vaschillo et al., 2002). 

Although this study supports the positive effects of 
slow breathing on autonomic balance, it also 
identifies a number of areas that require more 
investigation. Future directions could involve 
sympathetic nerve recordings and respiratory flow 
measurement to refine understanding. Longitudinal 
studies involving chronic cardiovascular conditions 
could expand the therapeutic relevance of these 
findings (Cooke et al., 1998; Lehrer & Gevirtz, 
2014). 

Our findings confirm that one of the most important 
modulators of low-frequency oscillations in 
cardiovascular dynamics is breathing rate. By 
reinforcing physiological rhythms, slow, timed 
breathing improves autonomic coherence and may 
be used as a non-pharmacologic intervention to 
improve cardiovascular health. 

Conclusion 

Breathing rate and low-frequency (LF) variations in 
RR intervals, systolic blood pressure (SBP), and 
diastolic blood pressure (DBP) are clearly and 
consistently related in this study. Our results show 
that LF power is greatly increased across several 
physiological parameters by slow breathing at a rate 
of 6 breaths per minute, which reflects improved 
parasympathetic tone, baroreflex sensitivity, and 
cardiorespiratory synchronization. On the other 
hand, quick breathing was linked to fewer LF 
oscillations, which may indicate less autonomic 
involvement.  
These findings support respiratory pacing's function 
in regulating cardiovascular variability and 
demonstrate its prospective applications in clinical 
autonomic testing, stress management, and non-
pharmacologic treatment of disorders like anxiety, 
hypertension, and autonomic dysfunction. A quick 
and easy way to improve cardiovascular stability 
and autonomic balance may be to incorporate calm, 
regulated breathing into regular wellness routines or 
treatment plans.  
Future studies should examine the long-term 
physiological changes brought on by respiratory 
training and extend these findings to a variety of 
populations, including those with chronic illnesses. 
The combination of wearable autonomic sensors, 
HRV monitoring, and real-time biofeedback may 
improve the suitability of breathing therapies for 
both preventive and therapeutic purposes. 
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