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Abstract
Aim: The aim of this study was to understand the impact of an active meditation protocol on heart rate variability (HRV) and mood in women as compared to breath-focused silence
meditation. Materials and Methods: Women experienced two different practices of 20 min each: (a) control group: silence meditation focusing on breath and (b) experiment group:
active meditation that included four activities, each lasting for 5 minutes – (1) simple humming, (2) coherent heart-focused breathing with 5s of inhalation and 5s of exhalation, (3)
coherent heart-focused breathing while invoking positive emotions, and (4) guided imagery about a preidentified goal. The silence meditation encouraged women to only focus on the
breath. The Positive and Negative Affect Scale measured mood before/after the practice (n = 24), and emWavePro device measured HRV parameters for 5 min before/after the practices
(n = 18). Statistical data analysis was done using a paired t-test. Results: HRV (specifically, parasympathetic nervous system [PNS]) parameters showed a statistically significant
improvement in the experiment group as compared to the control group. There was a statistically significant reduction in negative affect after both the practices, and the increase in
positive affect was observed only for the experiment group. Conclusions: The active meditation provides a significant enhancement in mood and HRV parameters related to PNS as
compared to silence meditation where the changes in HRV were not consistent and the positive mood did not increase significantly. Future research in this area could explore the impact
of such practice for a longer duration and understand the impact of each component of the meditative practices.
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Introduction

Emotional health's importance in well-being and quality of life is growing based on the mounting evidence of the role played by stress on mood, nervous system, sleep disruption, and
chronic disease (noncommunicable disease).[1] Persistent stress plays a major role not just in physical but also emotional health and cognitive functions.[2] Recent evidence has
demonstrated the linkage between stress levels and fertility.[3] The changes induced by stress on cognitive function impact the ability to learn and remember.[4] Finally, the evidence also
confirms the linkage between stress and depression or mood via pathways that impact the autonomic nervous system (ANS), hormones, and also the immune system.[5] With a growing
demand for development, in countries like India where only less than one-third of women (≥15 years age) are either working or actively looking for a job, there is a likelihood of more
women joining the workforce.[6] With more work pressure and the need to manage the home, there is a likely increase in stress levels for women in India and, in general, across the
developing countries.
Stress, mood, and implications on health and heart rate variability
To address the stress, it is important to understand how stress impairs the ANS, mood, and its implications for quality of well-being and health. ANS consists of two core parts: (a)
sympathetic nervous system (SNS) – in charge of fight-or-flight situations such as when we are faced with an emergency such as a wild animal, the brain prepares our body to either fight
with the animal or run away to a safe place. The internal changes related to such situations (even if it is imaginary or emotional and not a physical situation) are governed by SNS. (b)
Parasympathetic nervous system (PNS) – which restores the energy and body balance after the trigger (e.g., wild animal) is gone.[7] Maintaining a healthy balance (also known as
homeostasis) between the two core branches of ANS is important for long term physical and emotional well-being, and stress impairs this balance via overactivation of SNS.
Poor lifestyle choices such as sleep disruption, increased work-life balance challenges, reduced physical activity, and calorie-heavy diet, along with emotional stress, impact the quality of
life, decrease heart rate variability (HRV) (beat-to-beat variations in heart rate-HR), and lead to increased prevalence of metabolic syndrome (set of measures defining the risk for chronic
disease) and eventually chronic disease.[8] Moreover, studies have also confirmed a reciprocal link between depression and obesity. Depression is an important risk factor not only in
binge eating but also in the development of obesity. At the same time, obesity is found to increase depression risk.[9] Together, these findings indicate a need to manage overall
emotional well-being through self-regulation processes which can be easily learned and practiced regularly. The journey from good health to poor health, eventually leading to chronic
disease or cognitive function decline, often disturbs the homeostasis of ANS leading to an increase in SNS activities.
HRV has emerged as an indicator of health and quality of life.[8] The studies have demonstrated that individuals with high HRV tend to have better emotional and physical well-being
compared to those with low HRV.[10] Recent studies also indicate that (a) positive and negative mood induction tasks result in differential ANS responses as measured by HRV and
specifically (b) multiple HRV indices have significant differences between happiness and sadness emotion states.[11],[12] The evidence, therefore, indicates that an increase in HRV
could lead to better mood and could enhance the autonomic function balance, and hence, studies involving HRV have the potential to provide insight into a wide variety of psychological
and physiological processes.[13] In general, to counter the stress, the PNS-related HRV parameters must be enhanced to restore the overall balance.
Meditation, mood, and heart rate variability
Meditation research over the past several decades has, in general, demonstrated an improvement in mood, reduction in anxiety, and increase in focus and an overall improvement in
HRV/ANS.[14],[15],[16] However, the studies have also indicated some negative implications of meditative practices. For example, recent research identified that out of >1100
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respondents surveyed across several countries, 32% reported disturbing feelings of fear, dread, or terror during or as a result of their meditation practice.[17],[18],[19] The research
indicates a need to study the adverse impact of meditation and also understand if some active practices could result in better outcomes. Active interventions such as slow and coherent
breathing, hypnotic suggestions, or guided imagery have demonstrated an improvement in HRV parameters indicative of relaxation and increased cognition.[20],[21],[22]
The review of the literature identified an opportunity to define a protocol aimed to improve both physiology and emotions through coherent breathing and humming practices followed by
self-suggestion based on positive emotions and guided imagery. Specifically, SNS activation is indicated by an increase in HR, a decrease in root mean square of successive differences
(RMSSD) (The RMSSD reflects the beat-to-beat variations in heart's signals and is the primary time domain measure used to estimate the vagally mediated changes reflected in HRV),
and a decrease in percentage of high frequency normalized unit power (%HF n.u.). HRV's frequency domain measurements are divided into ultra-low frequency, very low frequency and
high frequency bands.[22] Whereas, an increase in RMSSD and % HF nu power value indicates an increase in PNS. An increase in PNS is also accompanied by a decrease in SNS
activation related parameters, for example, reduction in HR. Therefore, the study aimed at not just measuring the mood of two different kinds of meditation but also measuring the
changes in physiology through HRV parameters, specifically RMSSD, HR, and % HF nu.
Objectives
The objectives of the study were to validate that seated 20 min long active meditation via the SEE protocol has a statistically significant impact as compared with 20 min seated breath
focused silence meditation on (a) the mood (positive affect [PA] and negative affect [NA], as measured by the Positive and Negative Affect Scale [PANAS] survey) and (b) physiology (as
measured by HRV parameters such as HR, RMSSD, and % HF nu power).[10]
Hypothesis
We hypothesized that compared to breath-focused silence meditation, the experiment group (through active changes in physiology and emotions) would result in (a) a more pronounced
increase in PA and (b) a similar decrease in NA and (c) more relaxation observed through key HRV parameters denoting the PNS components. The activity to increase coherence and
invocation of positive emotion with guided imagery could be the elements driving the enhanced mood and increased relaxation for the experiment group.[23],[24]

Materials and Methods

Subjects
The participants [all healthy women aged 20–60, details in [Table 1] and [Table 2] were recruited for the study via the announcement on social media. Signed consent was taken from all
participants after they responded to the announcement, and ethics committee approval was not required due to the simple nature of the practice. Exclusion criteria included any chronic
disease (e.g., diabetes and hypertension). Due to limited availability of the HRV devices, the number of samples for HRV data was less (n = 18) as compared to the PANAS survey (n =
24).{Table 1}{Table 2}
Design
Participants were randomly assigned to either experiment group or control group while ensuring they avoided meal and coffee or tea at least 3 h before the practice. The study was
conducted in a quiet, air-conditioned room while maintaining the temperature of 25°C at the same venue.
Interventions
The methodology for the study is shown in [Figure 1]. Both the groups had similar measurement methodology, and each practice was 20 min long.{Figure 1}
Breath-focused silence meditation
For silence meditation, the participants were instructed to sit with eyes closed throughout the 30-min. PANAS form was administered before and after the 30-min practice, while HRV data
were measured throughout the practice. The instructions were given to focus only on the breath and allow the breath to be automatic (i.e., no regulation of the breath). If thoughts came
up, the participants were instructed to bring the focus back to the breath.
Society for Energy and Emotions Protocol (the SEE Protocol)
For the experiment group, the detailed process was explained, and three authors (MS, VP, and MD) personally guided the participant and monitored the progress throughout the practice.
PANAS form was administered, as shown in [Figure 1] before and after the practice, and HRV data were measured throughout the practice. The detailed steps of the SEE protocol are
captured in [Table 3]. This active meditation or self-hypnosis process was designed to invoke several important physiological and emotional states which are likely to improve HRV and
therefore enhance emotional regulation.[25] The coherence through humming (simple monotonous nasal sound at a comfortable breathing length) and slow coherent breathing increase
the high-amplitude oscillations that have a causal impact on the emotional regulation. Evidence also demonstrated that self-hypnosis or auto-suggestions have a positive impact on
emotional regulation even for individuals with low suggestibility.[26]{Table 3}
Most meditative practices result in prominent oscillations in normal heartbeats, and this is associated with high coherence between HR and breathing cycles. Active meditations are
known to increase HR oscillations and thereby enhance the emotional states and reduce anxiety and other negative emotions.[27] Finally, evidence has demonstrated that guided
imagery has a healing impact on the mind and body while enhancing the HRV.[28],[29] All the above evidence was integrated into the design of the active meditative or SEE selfhypnosis protocol.
Assessments and analysis
PANAS form, used for psychological assessments, is a self-report psychometric questionnaire that can be used across a diverse sample group. It can measure two segments or moods
of an individual. Each segment has 10 terms in which the participant can rate from 1 to 5. The outcome provides PA and NA score ranging from 10 to 50, and a high score indicates
higher PA and lower levels of negative scores indicating lower NA.[30] PANAS can measure the PA and NA of the participant before and after any intervention.[31],[32] PANAS has been
widely used to measure overall mood change in clinical studies involving patients as well as healthy individuals.[23] PANAS survey data were validated for normal distribution, entered
into Excel, and analyzed via a paired t-test. HRV was measured using Emwave Pro device (HeartMath Inc.) that uses infrared pulse plethysmograph ear sensor or optional finger sensor
to measure the beat-to-beat intervals. These data were exported via.txt file from the Emwave Pro software for further analysis with Kubios Premium HRV software. The output of Kubios
(processed HRV data) was imported back into Microsoft Excel for further analysis, including the P value using a paired t-test after validation for the normal distribution. For this study, we
used (a) HR, (b) RMSSD, and (c) HF power, i.e., % HF nu parameters of the HRV. Together, these three commonly used parameters of physiology provide an understanding of the PNS
and SNS components of the ANS. Specifically, changes in HR provide an indicator of the reduction in SNS activity. The increase in RMSSD and to some extent % HF nu denotes a
pronounced PNS activity.[24]

Results

Changes in Mood (Positive and Negative Affect Scale score)
PANAS results are captured below [Table 4] for both the groups:{Table 4}
For the experiment group, the PA score increased from 35.25 to 38.38 and the NA score decreased from 16.13 to 12.13. Both these changes were statistically significant as measured
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via a paired t-test, with P = 0.007 for change in PA and 0.000 for change in NA.For the control group, the mean PA score increased from 36.71 to 38.46, and this increase was not
statistically significant (P = 0.10). For the control group (silence meditation), the reduction in NA scores from 16.13 to 13.79 was statistically significant (P = 0.001).
The PANAS survey findings indicate that the SEE Protocol results in statistically significant improvement in both PA and NA. However, for breath-focused silence practice, the reduction in
NA was statistically significant and the increase in PA was not statistically significant. This outcome validates the primary objective of the study that the SEE protocol (active meditative or
self-hypnosis protocol) has a bigger influence on the mood via the statistically significant change in both the moods as compared to silence.
HRV parameters for the experiment group (SEE protocol) and the control group (silence group) are captured in [Table 5]. Statistical analysis of the data indicates the following:{Table 5}
For SEE protocol, there is a statistically significant reduction in all the three parameters, i.e., HR, RMSSD, and % HF nu power [Table 5]For silence, there is a statistically significant
reduction in HR and RMSSD. However, in % HF nu power, the changes are not statistically significant [Table 5]% HF nu power correlates with a PNS denoting relaxation. Lower HF nu
power is correlated with a negative state of mind such as stress, anxiety, or worry, and a statistically significant improvement in HF power denotes a reduction in negative mood (evident
through PANAS results) and shows increased relaxation.[29] The changes in HR, RMSSD, and HF power clearly demonstrate an increase in overall PNS activity in SEE protocol. In
silence, the HF power does not increase in a statistically significant manner, and hence, it can be inferred that during silence, the extent of decrease in PNS activity was not very
consistent.
Together, the above results validate the primary objective (b) that during the SEE protocol, there is a statistically significant improvement across multiple HRV parameters. In silence, not
all the parameters, specifically related to the PNS system, show a statistically significant change.

Discussion

Unique findings
The results provide an interesting perspective about the statistically significant increase in PA and changes in HRV parameters, i.e., the reduction in HR denotes SNS reduction and the
increase of RMSSD and HF power denotes enhancement in PNS. Specifically, RMSSD denotes the increased amplitude of heart oscillations denoting enhanced emotional regulation.
The HF power reflects HRV attributable to respiratory sinus arrhythmia considered as a marker of vagal modulation of beat-to-beat heart intervals and a cardiac parasympathetic effect.
Earlier research has demonstrated the positive impact of guided imagery on the total power and HF power.[33] An increase in HF power has been also been reported in quite a few
studies related to meditation.[34] Studies have also reported an increase in HF power in response to positive emotion induction, relaxation exercises, and meditation. At the same time,
there is evidence that some individuals may face a decrease in HF power, and this could be associated with risk factors or psychophysiology. The use of various coherence inducing
techniques, positive emotions, and guided imagery together may have played a role in the increase of HF power and an increase in RMSSD which could have contributed to positive
emotions resulting in the increase in PA during SEE protocol. This is a unique outcome from the study since the breath-focused silence meditation, with the absence of any active
practices that could influence HF power, did not generate a statistically significant increase in both PA and HF power (though in silence there were SNS reduction due to decrease in HR
and also some activation in PNS through increase in RMSSD). The findings can be leveraged to improve the experience of the meditative practice, and a longer practice could have a
lasting impact on the ANS.
Limitations and future work
The use of multiple techniques in the SEE protocol together is a limitation since that makes it difficult to identify which activity contributed to the increase in HRV parameters including HF
power and mood. Future work in this area should separate various components of the SEE protocol and explore how each component correlates with the increase in HRV parameters.
This could also be explored for individuals with autonomic dysfunction to understand if their results related to HRV changes would vary compared to an apparently healthy group. Future
work should use a bigger sample size and add more specific positive and negative emotion-related measurements to gain a deeper understanding of the changes. For this study, the
participants' unsolicited qualitative feedback ranged from an increase in creativity to improvement in quality of sleep. Along with an increase in sample size, future work could explore the
impact of longer practice (i.e., 4–6 weeks) on anxiety, depression, and sleep quality. Participants of the SEE protocol group also reported the complexity of multiple different activities in
the protocol. Proper training must be incorporated in future studies and/or additional ongoing assistance to ensure better quality results and benefits for the participants.

Conclusions

The findings of the study provide a strong case to incorporate active practices in meditation as compared to just silence due to the positive impact on the mood and nervous system.
Specifically, an increase in PNS measures and the positive mood could benefit the individuals who may be facing some negative emotions during “silence” meditation. Such active
practice could be more beneficial to individuals with anxiety and depression as compared to silence and may have a positive impact on sleep quality. These are the areas for possible
future work related to such active meditation. Finally, the specific components of the active meditation could be separately studied to understand if the combined use of various
techniques resulted in this outcome or was contributed by any specific element of the practice.
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