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ABSTRACT

Background and Aim: Alternate Nostril Breathing (ANB) modulates autonomic functions, and
different breath-holding patterns improve Heart Rate Variability (HRV). Voluntary regulation
of breathing with pauses between inspiration and expiration makes respiration rhythmic by
modulating the autonomic nervous system. Materials and Methods: We studied the effects of
two ANB methods with different inspiration-end inspiratory pause-expiration patterns on HRV
in 30 healthy, untrained male medical students (18-25 years). After obtaining written voluntary
consent and ethical approval, participants performed ANB-1 (4-6-6 sec) and ANB-2 (4-8-8 sec)
for 8 min each. HRV parameters were measured before and after both methods using standard
precautions. Results: Parasympathetic activity markers like HF nu and HF% significantly improved
after both ANB methods. Significant improvements were observed in Mean HR, HF Power (Lomb
statistics), HF Power, and LF/HF ratio (FFT statistics) in both ANB-1 and ANB-2. However, ANB-2
(4-8-8 cycle) showed more significant changes in HF Power and LF/HF ratio (Lomb statistics)
and LF Power (FFT statistics) compared to ANB-1. Total HRV power increased in both methods
but was not statistically significant. Conclusion: ANB with a slower breathing rate, prolonged
end-inspiratory breath-holding, and extended expiration enhances parasympathetic dominance
in young, yoga-naive male medical students.
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variability.

INTRODUCTION

Patanjali’s Yoga Sutras, a foundational text of ancient Indian yogic
science, views breath as a vital link between the body and mind. It
emphasizes the practice of voluntary breath regulation, known as
Pranayama, to create rhythmic breathing patterns.!'! One specific
technique, Nadi Shodhana Pranayama-commonly referred to as
Alternate Nostril Breathing (ANB)-helps practitioners control
the inhalation and exhalation phases, thereby purifying and
balancing the body's energy pathways, leading to integrated
psychosomatic well-being.!! The standard form of ANB involves
inhaling through one nostril and exhaling through the other in
a continuous sequence without pausing. Reversing this order
completes one full cycle of ANB. Advanced forms of ANB
introduce varying durations of inhalation, breath-holding, and
exhalation, which ancient texts suggest offer even greater benefits
than the basic practice.”
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Several studies have scientifically validated the effects of slow
breathing, alternate nostril breathing, and breath-holding
individually on physiological outcomes.

The physiological effects of alternate nostril breathing are
largely attributed to its autonomic, cardiovascular, and
respiratory influences.*! Breath-holding, on the other hand,
is known to enhance vagal tone while reducing sympathetic
activity. Heart Rate Variability (HRV) serves as a key marker
of autonomic (sympatho-vagal) balance. However, limited
research has examined how higher-level ANB, involving variable
inspiration-hold-expiration phases, affects HRV. Yogic breathing
practices have been shown to significantly impact neurocognitive,
psychophysiological, respiratory, biochemical, and metabolic
functions in healthy individuals.!! Additionally, alternate nostril
breathing has been found beneficial in managing conditions like
anxiety, depression, and other psychiatric disorders.”!

Kayser described the nasal cycle as the periodic alternation of
congestion and decongestion in the nasal turbinates and septum,
which modifies unilateral nasal airflow resistance and reflects
underlying sympathetic or parasympathetic dominance.!""!
Sympathetic activation leads to vasoconstriction and decreased
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airflow resistance, while parasympathetic activation causes
vasodilation, increasing resistance. This cyclical shift occasionally
results in transiently balanced airflow through both nostrils.™!

Breath control techniques like pranayama are increasingly
recognized as valuable health-promoting practices. However, to
fully appreciate and apply their benefits, comprehensive scientific
research and documentation are necessary. Rigorous studies are
needed to elucidate the mechanisms underlying these practices
and explore their broader applications. In this context, the present
study was designed to evaluate the effects of two different alternate
nostril breathing cycles-with variable inspiration, breath-hold,
and expiration times-on HRV in healthy Indian male adults.

MATERIALS AND METHODS

Participants Recruitment

This study was conducted at the Research Laboratory of the
Department of Physiology in a medical college located in western
India between March 2022 and February 2023. Approval was
obtained from the Institutional Ethics Committee (Ref. No.
IEC/BU/136/Faculty/3/35/2022). Participants were thoroughly
briefed about the experimental procedures, and informed written
consent was collected on a voluntary basis. Detailed medical
histories were taken, and individuals with a history of smoking,
alcohol consumption, acute or chronic illness, hypertension,
diabetes, those on respiratory depressants, and regular yoga/
pranayama practitioners were excluded. A total of 30 healthy male
participants, aged 18 to 25 years, were enrolled. Each participant
visited the research facility on two consecutive days for the study
procedures.

Procedure

Participants were instructed to fast from food, tea, and coffee for
at least 3 hr before each session. Upon arrival, they relaxed in
a supine position on a couch for 10 min. HRV recordings were
then taken for 10 min, capturing beat-to-beat variations in R-R
intervals via lead II ECG using the RMS Polyrite D system.!'” 5
min of artifact-free HRV data were selected for analysis. HRV
parameters included time-domain measures (SDNN, RMSSD,
pNN50, NN50) and frequency-domain measures (LF, HE
TP). HRV was recorded both before and after alternate nostril
breathing on each day.

Intervention

The Paced Breathing app (Version 2.1) was utilized to standardize
the timing of breathing cycles. On Day 1, participants practiced
ANB-1 with an inspiration-hold-expiration ratio of 4-6-6 sec
(approximately 4 breaths per minute) for 8 min. On Day 2, they
practiced ANB-2 with a 4-8-8 sec breathing pattern for the same
duration. Each session followed a specific sequence:

e Block the right nostril with the thumb and use the ring
and little fingers to close the left nostril as needed.

e Inhale through the left nostril for the prescribed
duration, then close both nostrils to hold the breath.

e Release the right nostril and exhale through it while
keeping the left nostril closed.

e Inhale through the right nostril, hold by closing both
nostrils, and then exhale through the left nostril.

e This cycle was repeated continuously for 8 min with eyes
closed.

Statistical Analysis of Data

Allvalues were expressed as mean+Standard Deviation (SD). Data
analysis was conducted using SPSS software version 20.0 (trial
version). The paired t-test was employed to determine statistical
significance between the two ANB methods. Additionally,
Bland-Altman plot analysis was used to assess the absolute limits
of agreement between HRV variables following ANB-1 (4-6-6
sec) and ANB-2 (4-8-8 sec).

RESULTS

Mean age, weight and height and body mass index of the
participants were 20.93+1.76 years, 72.58+7.51 kg, 175.2+8.27
cm and 23.67+2.27 kg/m? respectively.

HRV parameters recorded during the ANB-1 and ANB-2
sequence are shown in Tables 1 and 2 respectively. We observed
significant improvement in Mean HR, HF Power (lomb frequency
statistics), HF Power and LF-HF ratio (FFT frequency statistics)
in ANB-1 and ANB-2 sequences. However, in ANB-2, (4-8-8
cycle) results of HF Power and LF/HF ratio (Lomb frequency
statistics) and LF Power (FFT frequency statistics) were more
significant as compared to ANB-1 (4-6-6 cycle). An increase in
total power of HRV was seen on both days but the change in total
power was not statistically significant.

As per Figure 1, Bland-Altman Plot Analysis showed no
statistically significant difference between two ANB methods.
Bland-Altman Plot Analysis showed relatively good agreement
between ANB-1 and ANB-2 methods. Short-term HRV
parameters like mean HR, mean RR, LF (nu), HF (nu), LE/HF
ration and total power showed good agreements between two
methods of alternate nostril breathing.

DISCUSSION

We aimed to investigate the effects of a single session of Alternate
Nostril Breathing (ANB) involving two distinct slow breathing
sequences on Heart Rate Variability (HRV) in healthy, untrained
student participants. As detailed in the results, we found
significant improvements in mean heart rate, High-Frequency
(HF) power (measured by Lomb-Scargle frequency analysis), HF
power, and LF/HF ratio (measured by FFT analysis) following
both ANB-1 and ANB-2 sessions. Notably, in ANB-2, changes in
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Table 1: Heart rate variability parameters before and after the alternate nostril breathing with inspiration-pause-expiration cycle for 4-6-6 sec on
first day (ANB-1).

HRV parameters before the
alternate nostril breathing

Mean RR* 0.79£0.12
Mean HR** 77.7+£11.91
SDNN 47.42+19.21
RMSSD 36.29+19.41
NN50 104.2+105.46
PNNS50 16.24+17.44
LF-Power(nu) 27.93+12.10
HF-Power(nu)** 18.24+11.89
LF/HF-Power nu** 1.96%0.96

Total Power (TP) 2638.27+2291.8

HRV parameters after the alternate p Value
nostril breathing cycle for 4-6-6

sec

0.75+0.17 0.01
70.25%15.87 <0.01
48.23+17.86 0.65
39.25+22.84 0.27
119.62+112.85 0.33
18.55+18.98 0.40
28.82+10.61 0.44
20.85+13.23 0.001
1.80+0.75 <0.01
3049.51+£2783.02 0.36

Table 2: Heart rate variability parameters before and after the alternate nostril breathing with inspiration-pause-expiration cycle for 4-8-8 sec on
second day (ANB-2).

HRV parameters before the
alternate nostril breathing

Mean RR 0.79£0.12

Mean HR* 78.03+11.48
SDNN 51.28+25.23
RMSSD 39.43+26.48
NN50 107.46+98.46
pNN50 18.29+18.71
LF-Power(nu)* 31.09£12.67
HE-Power(nu)* 18.55+15.29
LF/HF-Power nu** 2.25+1.06

Total Power (TP) 3002.01+£2570.76

HF power and LF/HF ratio (Lomb statistics), as well as LF power
(FFT statistics), were more pronounced compared to ANB-1.

Previous studies have independently established the physiological
benefits of slow breathing and alternate nostril breathing, yet the
combinedeffectofthese practices, particularlywhenincorporating
variable durations of inspiration, breath-holding, and expiration,
on HRV remains relatively underexplored. Research has
consistently shown that ANB tends to shift autonomic balance
towards parasympathetic predominance by reducing sympathetic
activity. One study investigating controlled breathing at 8 and
16 breaths per minute found that slower breathing significantly
enhanced HF power, decreased LF power, and reduced the LF/
HF ratio after correcting for spectral analysis, supporting a
parasympathetic shift.") Another study demonstrated that
prolonging the exhalation phase relative to inhalation, without
altering breathing rate, acutely increased RMSSD and HF-HRYV,
indicative of enhanced vagal tone, aligning with our findings.!"!
Research has also reported significant improvements in HF

HRV parameters after the alternate P Value
nostril breathing cycle for 4-8-8 sec
0.84+0.20 0.14
74.56+10.97 <0.01
54.50£22.31 0.22
40.62+24.79 0.57
110.46+94.40 0.70
18.13+18.01 0.94
24.87+11.22 0.03
20.17+16.54 0.03
1.84+0.94 <0.01
3464.08+2752.13 0.20

parameters and reductions in LF parameters of HRV among
non-practitioners using breath-holding techniques.

However, immediate effects of ANB on HRV have shown
inconsistent results across studies involving both trained and
untrained individuals, with or without breath-holding."” Some
investigations reported no significant HRV changes with ANB
without breath-holding in trained practitioners. In contrast,
Krishna et al., observed an increase in sympathetic dominance
following ANB practice in non-yoga practitioners.!'®!”!

Such discrepancies likely stem from methodological variations
across studies. For instance, Shreya et al., maintained a fixed
rate of 5 breaths per minute."™ A systematic review titled
"Psycho-Physiological Correlates of Slow Breathing" by Andrea
Zaccaro concluded that slow breathing generally improves HRV
parameters.!'¥! Nevertheless, most of the reviewed studies lacked
the critical component of breath-holding between inhalation
and exhalation phases. Additionally, long-term ANB practice
among first-year undergraduate students has been associated
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Figure 1: Bland-Altman plot of Heart Rate Variability (HRV) parameters obtained with Alternate Nostril
Breathing Method 1 with breathing cycle 4-6-6 sec (ANB 4-6-6) and Alternate Nostril Breathing Method 2
with breathing cycle 4-8-8 sec (ANB 4-8-8). The centre line represents the mean differences between the

two ANB methods.

with significant reductions in heart rate, Systolic Blood Pressure
(SBP), Diastolic Blood Pressure (DBP), and DBP response to an
isometric handgrip test after 12 weeks of training.!"”!

Other research indicates that slow breathing with an unequal
(I:E)
modulating physical and psychological arousal. Cappo and

Inhalation-to-Exhalation ratio is more effective in
Holmes concluded that breathing at 6 bpm with an L.E ratio
of 2:8 (quick inhalation followed by slow exhalation) more
effectively reduced physiological and psychological arousal
under stress compared to a reverse or equal LE ratio.?”! Similar
findings have been corroborated by other studies.”! Importantly,
existing literature has yet to definitively distinguish whether
improvements in HRV stem primarily from slow breathing,
ANB practice, or a combination of both. In the present study, we
combined slow breathing, alternate nostril breathing, and graded

durations of breath-holding and expiration, leading to enhanced

12

parasympathetic dominance, likely resulting from the synergistic
effects of these individual components.

While a detailed discussion of the physiological and yogic
mechanisms underlying ANB is beyond the scope of this paper,
a brief overview is warranted. It is well-established that vagal
nerve activity is modulated by respiration-being inhibited during
inspiration and enhanced during expiration, facilitating the
generation of cardiac vagal tone through medullary centers.?22!
Deep pranayamic breathing is hypothesized to influence the
autonomic nervous system by promoting two physiological
signals: (i) increased inhibitory neural impulses via activation
of lung stretch receptors during deep inhalation (Hering-Breuer
reflex) and (ii) enhanced hyperpolarization currents generated by
stretching connective tissues (fibroblasts) around the lungs.?>”!

These hyperpolarization and inhibitory impulses are believed
to mediate the autonomic shift observed during pranayamic
breathing. They synchronize rhythmic

cellular activity
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between cardiopulmonary centers and the central nervous
system,*"! regulating nervous tissue excitability and promoting
synchronization of frequency patterns-a hallmark of deep
relaxation states.”® Synchronization across the hypothalamus
and brainstem likely plays a pivotal role in inducing the
parasympathetic response during Dbreathing practices.
Numerous studies have also reported psychological benefits of
such breathing techniques, including reductions in anxiety and

enhanced relaxation.”

Edmonds et al, demonstrated a direct relationship between
physiological variables and perceived behavioural outcomes:
participants reported greater ease and comfort during
breathing conditions associated with the highest SDNN and LF
values.®!! Further, respiratory rates below 7 breaths per minute
were shown to elicit strongest cardio-ventilatory coupling, a
parasympathetic-mediated phenomenon responsible for creating
a coherent, resonant autonomic state involving Parasympathetic
Nervous System (PNS) and vasomotor oscillations.®" This
phenomenon forms the physiological basis for the positive
impacts of ANB on both mental and physical health. Harvey also
reported that yogic breathing exercises contribute to beneficial
emotional and mood changes, with slower, deeper, and more
irregular breathing being associated with parasympathetic

activation.?

In conclusion, the present study demonstrates the physiological
benefits of combining slow breathing, alternate nostril breathing,
and variable breath-holding and exhalation durations. It offers
a physiological rationale for the multi-dimensional positive
effects of higher-level pranayama practices, an area previously
under-investigated in a comprehensive manner. The ease of
practicing the ANB technique and participants' expressed
willingness to continue it for long-term health benefits are also
promising observations, paving the way for future long-term
investigations. Given its simplicity, convenience, and low resource
requirement, if validated by further studies, the ANB method
presented could serve as a practical and effective tool to enhance

youth health and well-being.

LIMITATIONS

Smaller sample size and demonstration of only immediate effects
of ANB in naive participants’ standout as limitations of our design.
There is also a need to compare effects of two breathing sequences
(with or without ANB) of identical duration, wherein one is with
breath-holding interval and the other without breath-holding
interval. Another limitation of this pilot study is inclusion of male

participants due to smaller sample size.

CONCLUSION

Present study demonstrates that alternate nostril breathing
with slow breathing rate and prolongation of end-inspiratory
breath-holding, and expiration time enhances parasympathetic
dominance in young yoga-naive male medical students.
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Square of Successive Differences; SDNN: Standard Deviation
of Normal-to-Normal Intervals; ANOVA: Analysis of Variance;
SPSS: Statistical Package for the Social Sciences; SD: Standard
Deviation; SEM: Standard Error of Mean; CI: Confidence
Interval; BPM: Breaths Per Minute; ms: Milliseconds; AU:
Arbitrary Units; Hz: Hertz.
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