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Abstract

Background: Controlled breathing is known to influence autonomic function. Slow breathing techniques have
been proposed as a non-pharmacological tool to modulate cardiovascular parameters.

Objective: To assess the effect of slow breathing on heart rate variability (HRV) and blood pressure (BP) in
healthy adults.

Methods: Forty healthy volunteers (age 20-35 years) were randomly assigned to a slow breathing group (n =
20) and a control group (n = 20). The intervention group practiced guided slow breathing (6 breaths/min) for 15
minutes daily for four weeks. HRV (LF/HF ratio) and BP were measured before and after the intervention.
Results: The slow breathing group showed a significant decrease in LF/HF ratio (from 2.5 £ 0.8 to 1.5 £ 0.6; p
<0.01), systolic BP (from 122.6 £ 8.7 to 116.4 + 7.9 mmHg; p < 0.05), and diastolic BP (from 78.3 + 6.2 to 73.5
+ 5.4 mmHg; p < 0.05). No significant change was observed in the control group.

Conclusion: Regular practice of slow breathing improves autonomic balance and lowers blood pressure,

indicating its physiological benefit in cardiovascular regulation.

Introduction

The autonomic nervous system (ANS) is central to the regulation of cardiovascular function,
with a delicate balance between sympathetic and parasympathetic activity maintaining
vascular tone, heart rate, and blood pressure within physiological limits. Autonomic balance,
particularly the modulation of heart rate and vascular resistance, is essential for maintaining
cardiovascular health. A shift toward sympathetic overactivity and reduced parasympathetic
tone has been implicated in the pathogenesis of several cardiovascular disorders, including
hypertension, arrhythmias, and sudden cardiac death (1).

Given the increasing prevalence of lifestyle-related cardiovascular conditions, there has been
growing interest in non-pharmacological strategies to regulate autonomic activity. Among
these, controlled breathing techniques have emerged as a simple, cost-effective, and non-
invasive method to favourably influence autonomic tone (2). Breathing, especially when
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consciously modulated, can interact with cardiovascular control mechanisms via neural
reflexes and chemoreceptor pathways, offering potential therapeutic benefits.

One such intervention is slow breathing, generally defined as controlled respiration at
approximately six breaths per minute. Evidence suggests that slow breathing enhances vagal
(parasympathetic) activity, reduces sympathetic drive, and increases baroreflex sensitivity a
critical feedback mechanism involved in blood pressure regulation (3,4). These physiological
effects are often assessed using heart rate variability (HRV), a validated, non-invasive
indicator of autonomic nervous system function. Specifically, the low frequency/high
frequency (LF/HF) ratio is commonly used to reflect sympathovagal balance. An elevated
LF/HF ratio denotes sympathetic dominance, while a reduction indicates a shift toward
parasympathetic predominance (5).

The role of HRV as a biomarker has gained prominence in both research and clinical
contexts. A favourable shift in HRV parameters, such as a reduced LF/HF ratio, not only
reflects improved autonomic balance but is also associated with reduced cardiovascular risk.
Simultaneously, blood pressure (BP), another key cardiovascular variable, is influenced by
autonomic tone and serves as a practical clinical endpoint in studies of autonomic
modulation.

In light of this background, the present study was designed to evaluate the effect of regular
slow breathing practice on heart rate variability and blood pressure in normotensive young
adults. We hypothesised that consistent practice of slow breathing would lead to a measurable
enhancement of parasympathetic activity, as evidenced by a reduction in LF/HF ratio, and a
concomitant decrease in systolic and diastolic blood pressure, supporting the physiological
efficacy of this intervention.

Materials and Methods

This study was designed as a controlled, interventional trial and was conducted in the
Department of Physiology. Ethical approval was obtained from the Institutional Ethics
Committee prior to commencement of the study.

A total of forty healthy adult volunteers, aged between 20 and 35 years, were recruited
through advertisements within the institution. Inclusion criteria included: apparently healthy
individuals with no known history of cardiovascular, respiratory, neurological, or psychiatric
disorders, not on any medications, and not engaged in any formal breathing or meditation
practices in the past three months. Individuals with abnormal ECG findings or baseline blood

pressure outside the normal range were excluded.
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After obtaining written informed consent, participants were randomly allocated into two
equal groups (n = 20 each) using a simple computer-generated randomisation method:

e Slow Breathing Group (n = 20): Received the intervention

e Control Group (n = 20): No breathing training; continued with usual daily routine
Intervention Protocol
Participants in the slow breathing group underwent a structured breathing intervention
comprising guided slow breathing at a rate of 6 breaths per minute, which is considered the
optimal resonant frequency for autonomic modulation. The breathing sessions were
conducted daily for 15 minutes, for a duration of 4 weeks, under supervision during initial
sessions, and subsequently at home with the help of an audio-guided breathing application.
Breathing was performed in a quiet sitting position with a focus on smooth inhalation and
exhalation, avoiding breath-holding or forced effort.
Participants in the control group were instructed to maintain their regular lifestyle and refrain
from engaging in any new breathing, yoga, or relaxation practices during the study period.
Outcome Measures
All measurements were performed at baseline (week 0) and after the 4-week intervention
period, in both groups. Heart Rate Variability (HRV): HRV was recorded using a 5-minute
electrocardiogram (ECG) in the supine position in a quiet, temperature-controlled room.
Participants rested for 10 minutes before the recording. Data were analysed using frequency-
domain spectral analysis, and the low frequency (LF)/high frequency (HF) ratio was
calculated as a marker of autonomic balance. A reduced LF/HF ratio indicates increased
parasympathetic tone and reduced sympathetic dominance.
Blood Pressure (BP):Resting systolic and diastolic blood pressure were measured using a
validated digital sphygmomanometer. Measurements were taken in the right arm, in a seated
position, after at least 10 minutes of rest. The average of two readings taken 5 minutes apart
was recorded for analysis.
Data were compiled and analysed using Statistical Package for the Social Sciences (SPSS).
Descriptive statistics were presented as mean + standard deviation (SD). Paired t-tests were
applied for within-group comparisons (pre- and post-intervention changes), and Independent
(unpaired) t-tests were used for between-group comparisons. A p-value of less than 0.05 was

considered statistically significant for all tests.
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Results

All 40 participants completed the study. There were no significant differences between the
slow breathing and control groups at baseline in terms of age, resting systolic and diastolic
blood pressure, or HRV parameters. This indicates appropriate randomisation and

comparability between groups.

Table 1: Baseline Characteristics of Study Participants

Parameter Slow Breathing Group (n = | Control Group (n = | p-
20) 20) value

Age (years) 26.3+34 259+3.1 0.62

Systolic BP (mmHg) | 122.6 £8.7 121.8+7.9 0.78

Diastolic BP | 783 +6.2 779 +6.5 0.83

(mmHg)

LF/HF Ratio (HRV) |2.5+0.8 24+09 0.71

Table 1 Description: This table presents the baseline demographic and physiological
characteristics of the participants. The similarity in values across both groups confirms that
the two cohorts were statistically comparable at the start of the intervention.
Effect of Slow Breathing on HRV and Blood Pressure
After 4 weeks of guided breathing practice, the slow breathing group exhibited significant
improvements in both HRV and blood pressure parameters. Specifically:

e The LF/HF ratio showed a marked reduction, indicating a shift towards enhanced

parasympathetic activity.
o Systolic and diastolic blood pressure both significantly decreased.

e No statistically significant changes were observed in the control group.
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Table 2: Pre- and Post-Intervention Changes in Study Groups

Parameter Group Pre (Mean = | Post (Mean = | p-value (within
SD) SD) group)

LF/HF Ratio Slow 25+0.8 1.5+0.6 <0.001

Breathing

Control 24+09 23+0.8 0.47
Systolic BP | Slow 122.6 + 8.7 116.4+7.9 0.002
(mmHg) Breathing

Control 121.8+7.9 121.2 £ 8.1 0.65
Diastolic BP | Slow 78.3+£6.2 73.5+£54 0.004
(mmHg) Breathing

Control 779 £6.5 772+ 6.3 0.51

Table 2 Description: This table compares pre- and post-intervention values within each

group. Statistically significant reductions in LF/HF ratio, systolic BP, and diastolic BP were

noted only in the slow breathing group, indicating a positive physiological response to the

intervention.

Between-Group Comparisons

Inter-group analysis using unpaired t-tests confirmed that the mean change in LF/HF ratio,

SBP, and DBP was significantly greater in the intervention group compared to controls.

Table 3: Mean Change in Parameters Between Groups

Parameter Slow Breathing Group | Control Group | p-value (between
A) (GY) groups)

LF/HF Ratio -1.0+0.3 -0.1+£0.2 <0.01

Systolic BP | -6.2+3.5 —0.6+2.9 <0.05

(mmHg)

Diastolic BP | 4.8+27 —0.7+2.5 <0.05

(mmHg)

Table 3 Description: This table illustrates the difference in mean change between the groups.

The greater reductions in LF/HF ratio and blood pressure in the slow breathing group confirm
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the autonomic and hemodynamic benefits of the intervention when compared to routine
lifestyle.

Discussion

Our study demonstrates that daily practice of slow breathing at 6 breaths/min for four weeks
significantly enhances parasympathetic activity, as reflected by the reduced LF/HF ratio, and
lowers both systolic and diastolic BP. These findings support earlier reports that slow
breathing can modulate autonomic tone and baroreflex function (3,6).

The reduction in LF/HF ratio indicates a shift from sympathetic to parasympathetic
dominance, which is desirable for cardiovascular stability (5). Our results are consistent with
Lehrer et al., who reported increased vagal tone and reduced blood pressure after slow
breathing training (4). The observed BP reduction aligns with findings from Joseph et al.,
who demonstrated similar effects in normotensive and hypertensive individuals (7).

This physiological response can be attributed to improved chemoreflex and baroreflex
sensitivity, reduced sympathetic discharge, and a calming effect on the central nervous
system (8,9).

Conclusion

Slow breathing is a simple and effective technique to enhance parasympathetic activity and
reduce blood pressure in healthy individuals. Regular practice could serve as a preventive

lifestyle intervention for cardiovascular regulation.
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