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Abstract 
Aim: The aim of the present study was to assess the cardiovascular autonomic function in newly diagnosed 
hypertensive individuals using HRV as a tool and to study the effect of one-minute controlled deep breathing on 
HRV among newly diagnosed hypertensives. 
Methods: This was a cross sectional Study conducted in the Department of Physiology for five months. The 
study consisted of two groups: 50 Newly diagnosed hypertensive patients, between the age group of 35-50 yrs, 
of both genders as cases and 50 age and gender matched normal healthy individuals as Controls.  
Results: The mean values of all the time domain parameters were found to be significantly reduced in 
hypertensives when compared with the controls. The mean of HRV parameters between controls and in cases 
before & after 1 minute controlled deep breathing showed statistically significance. In frequency domain 
analysis LF/HF was significantly increased in hypertension subjects. A significant increase (p<0.05)in time 
domain parameters was seen in hypertensive subjects after one minute controlled deep breathing. The LF/HF 
was also reduced following controlled deep breathing. 
Conclusion: Our study has shown a significant reduction of HRV in Newly Diagnosed Hypertensives compared 
with controls which is highly suggestive of cardiovascular autonomic impairment. HRV parameters showed a 
significant improvement after controlled breathing in hypertensives. Hence HRV may be used as a tool in 
addition to the blood pressure measurement to assess the underlying autonomic disturbances in newly diagnosed 
hypertensive individuals. 
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Introduction 

Urbanisation, changing lifestyles, and competitive 
streaks in all spheres of life have made anxiety, 
stress, depression, and resultant psychosomatic 
illnesses an inevitable part of human life. Stress 
and autonomic dysfunction are the common risk 
factors for future cardiovascular disease (CVD) and 
also negatively impact cognitive functions, which 
are often overlooked. [1] HRV is an index of the 
autonomic balance of an individual defined as 
oscillations between consecutive heartbeats, and it 
is considered a physiological phenomenon. [2] 
Heart rate variability (HRV) is a non-invasive 
physiologic measure of autonomic function that 
facilitates the identification of people at the risk of 
developing cardiovascular complications. [3] 
Dysfunctional regulation of the hypothalamic-
pituitary-adrenal (HPA) axis has been identified as 

an important biological mechanism underlying 
stress-related diseases. [4] 

Heart rate increases during inhalation and decreases 
during exhalation in a respiratory cycle and this 
phenomenon is called respiratory sinus arrhythmia 
(RSA). [5] Heart rate variability biofeedback 
(HRVBFB) or resonance breathing is breathing at a 
slow rate, usually 4.5 to 7 breaths per minute, 
which depends on each individual, to maximise 
their RSA. [6] Self-training in resonance breathing 
lowers stress, blood pressure, and improves mood. 
[7] Training on resonance breathing improves vagal 
tone, thereby improving HRV, which is an index of 
stress and health. [8] Enhanced vagal tone 
improves cognitive abilities based on the neuro-
visceral integration model. [9] Self trainingin 
resonance breathing, mindfulness meditation, and 
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aerobic exercise for five weeks has been shown to 
improve cognitive functions such as attention 
control and executive function in young adults. [10] 

Cardiac innervation by the parasympathetic 
nervous system (PNS) and the sympathetic nervous 
system (SNS) acts by modulating the heart rate 
(HR) (Chrono tropic activity) and the contraction 
of the cardiac muscle (inotropic activity). The 
peripheral vasculature, in turn, is controlled only by 
the SNS, which is responsible for peripheral 
vascular resistance. The SNS also mediates the 
baroreceptor reflex (BR), which mediates blood 
pressure (BP). Cardiovascular autonomous 
dysfunction consists of an imbalance between 
sympathetic and parasympathetic activity with 
increased peripheral sympathetic activity and 
reduced vagal (parasympathetic) tone, and it 
constitutes an important drive shift of the 
autonomous function in primary hypertension. [11-
14] Thus, surrogate markers of autonomic 
regulation investigation, such as HRV, may be 
useful in the follow-up and evolution of 
hypertensive syndromes. There are many methods 
that allow both direct and indirect assessment of the 
ANS function. An indirect method, relatively easily 
accessible, is evaluation of heart rate variability 
(HRV) in ambulatory electrocardiography. It has 
been postulated that a noninvasive assessment of 
ANS activity, e.g., via analyzing heart rate 
variability (HRV), may be useful in identifying 
patients at risk of developing MetS in the future. 
[15] 

The aim of the present study was to assess the 
cardiovascular autonomic function in newly 
diagnosed hypertensive individuals using HRV as a 
tool and to study the effect of one minute 
controlled deep breathing on HRV among newly 
diagnosed hypertensives. 

Materials and Methods 

This was a cross sectional Study conducted in the 
Department of Physiology, Patna Medical College, 
Patna, Bihar, India for five months. The study 
consisted of two groups: 50 Newly diagnosed 
hypertensive patients, between the age group of 35-
50 yrs, of both genders as cases and 50 age and 
gender matched normal healthy individuals as 
Controls.  

The Patients with hypertension on medications, and 
those with symptoms of acute target organ damage 
viz angina, dyspnoea, orthopnoea or with evidence 
of co-morbid cardiovascular disease (Myocardial 
infarction, Symptomatic heart failure) were 
excluded from the study. Subjects with history of 
Diabetes Mellitus, COPD, renal failure, 
cerebrovascular disease were also excluded. All the 

participants gave their written &informed consent 
for the study. The tests were performed in the AFT 
lab of the Department of Physiology, Stanley 
Medical College, between 10 AM and 1 PM. The 
lab environment was quiet, the temperature was 
maintained between 25 to 28˚C and the lighting 
subdued. Subjects were asked to empty their 
bladder before the tests. 

All the subjects underwent detailed clinical 
examination. Anthropometric measurements height 
and weight were recorded. Subjects were seated 
quietly for at least 5 minutes in a chair, with feet on 
the floor, and arm supported at heart level, BLOOD 
PRESSURE was recorded using JNC 7 standard 
protocol. HRV. 

The recommendations of the Task Force 1996 were 
followed for HRV. ECG was acquired using RMS 
Polyrite D Hardware 2.2(India) An RR series was 
extracted from ECG using maximum amplitude and 
sharpness for the peaks for R wave detection, these 
are RMS proprietary algorithms and validated with 
Fluke biomedical, USA. After exclusion of artifacts 
and ectopics a stationary 256s RR series was 
chosen and analyzed using RMS 2.5.2 software on 
a window based PC. Respiratory movements were 
recorded using respiratory belt which analyses 
inspiration and expiration. Time domain analysis 
was used for long term HRV changes and 
frequency analysis was used for short term HRV 
changes. 

In our study, ECG was first recorded for 5 minutes 
with the eyes closed and with normal quiet 
respiratory movement for both case and control 
group to determine the HRV at supine rest. The 
case group was then instructed to breathe slowly 
and deeply at the rate of 6 breaths per minute in 
such a way that they take 5 seconds for inspiration 
and 5 seconds for expiration and ECG was 
recorded to determine HRV on one minute 
Controlled deep breathing. 

The data collected were statistically analyzed using 
SPSS-21.0 version. Independent T test was used to 
compare between cases (newly diagnosed HTN) 
and controls (healthy individuals). ANOVA test 
was used to compare between three groups 
followed by POST HOCTUKEY test. P value 
<0.05 was considered as statistically significant. 

Results 

In frequency domain analysis LF/HF was 
significantly increased in hypertension subjects. A 
significant increase (p<0.05)in time domain 
parameters was seen in hypertensive subjects after 
one minute controlled deep breathing. The LF/HF 
was also reduced following controlled deep 
breathing. 
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Table 1: Comparison of general parameters between controls & cases 
 Controls Cases p-value 

Mean±SD Mean±SD 
AgeinYrs 45.05 ± 5.48 44.08 ± 5.55 1.00 
Htcm 162.88 ± 6.84 164.76 ± 6.74 0.98 
Wt kg 65.15 ± 10.30 64.96 ± 10.98 0.94 
BMIkg/m2 24.06 ± 4.56 23.77 ± 3.67 0.89 
RHR beats/min 66.44 ± 8.6 76.00±11.39 <0.01 
SBPmmHg 114.00±18.02 144.00 ±16.76 <0.01 
DBPmmHg 76.84 ± 9.44 98.52 ± 10.02 <0.01 

The mean values of all the time domain parameters were found to be significantly reduced in hypertensives 
when compared with the controls. 

Table 2: Comparison of HRV parameters between controls and in cases before & after 1 minute 
controlled deep breathing – ANOVA test 

 
HRV parameters 

 
Controls 

 
Cases 

Cases – Post 
Controlled 
Breathing 

 
P–value 

Mean±SD Mean±SD Mean±SD 
Mean RR sec 0.884 ± 0.10 0.784 ± 0.16 0.842±0.12 <0.01 
SDNN ms 48.72 ± 12.24 26.54 ± 16.84 42.72 ± 14.16 <0.001 
RMSSD ms 42.18 ± 10.23 16.34 ± 5.55 36.14 ± 12.74 <0.001 
pNN50% 24.54 ± 7.53 6.94 ± 3.77 16.72 ± 8.64 <0.001 
LF nu 56.74 ± 14.36 72.14 ± 6.44 66.54 ± 6.00 <0.001 
HF nu 45.25 ± 16.24 30.02 ± 6.74 35.45 ± 6.00 <0.001 
LF/HF 1.48 ± 0.72 2.58 ± 0.88 1.96 ± 0.57 <0.001 

The mean of HRV parameters between controls and in cases before & after 1 minute controlled deep breathing 
showed statistically significance. 

Table 3: Comparison of HRV parameters between control and in cases after controlled breathing – Post 
Hoc - Tukey test 

 
HRVparameters 

 
Controls 

Cases–
PostControlledBreathing 

P–value 

Mean±SD Mean±SD 
MeanRRsec 0.884 ± 0.10 0.842±0.12 0.16 
SDNNms 48.72 ± 12.24 42.72 ± 14.16 <0.06 
RMSSDms 42.18 ± 10.23 36.14 ± 12.74 <0.05 
pNN50% 24.54 ± 7.53 16.72 ± 8.64 <0.001 
LFnu 56.74 ± 14.36 66.54 ± 6.00 <0.01 
HFnu 45.25 ± 16.24 35.45 ± 6.00 <0.01 
LF/HF 1.48 ± 0.72 1.96 ± 0.57 <0.01 

Table 4: Comparison of HRV parameters in cases before and after controlled breathing – Post Hoc - 
Tukey test 

 
HRV parameters 

Controls Cases–Post Controlled 
Breathing 

 
P–value 

Mean±SD Mean±SD 
MeanRR sec 0.784 ± 0.16 0.842±0.12 0.16 
SDNN ms 26.54 ± 16.84 42.72 ± 14.16 <0.06 
RMSSD ms 16.34 ± 5.55 36.14 ± 12.74 <0.05 
pNN50% 6.94 ± 3.77 16.72 ± 8.64 <0.001 
LFnu 72.14 ± 6.44 66.54 ± 6.00 <0.01 
HFnu 30.02 ± 6.74 35.45 ± 6.00 <0.01 

LF/HF 2.58 ± 0.88 1.96 ± 0.57 <0.01 
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Discussion 

Hypertension is defined as a blood pressure of 
≥140/90mmHg (JNC criteria 7th Report). [16] 
Hypertensionis an increasingly important medical 
and public health issue. Increasing age, body mass 
index, smoking, diabetes, extra salt intake and 
genetics are common risk factors. Hypertension 
(HTN) is a modifiable and major risk factor for 
coronary artery disease, heart failure, 
cerebrovascular disease and chronic renal failure. 
Overall prevalence for hypertension in India is 
29.8% (95% confidence interval: 26.7–33.0). [17] 
Hypertension is attributable to 10.8% of all deaths 
in India. [18]  HTN is directly responsible for 57% 
of all stroke deaths and 24% of all coronary heart 
disease (CHD) deaths in India. [19] NNMB tribal 
survey (2008-09) estimated the prevalence of 
hypertension among men and women was 25% and 
23% respectively. [20] The mechanisms involved in 
regulation of BP are mainly neural, hormonal and 
renal control. Among them, neural control by ANS 
is the most important regulatory mechanism of 
short term regulation of blood pressure. ANS 
dysfunction is an important factor in the onset and 
progression of hypertension. [21] 

The mean values of all the time domain parameters 
were found to be significantly reduced in 
hypertensives when compared with the controls. 
The mean of HRV parameters between controls 
and in cases before & after 1 minute controlled 
deep breathing showed statistically significance. In 
frequency domain analysis LF/HF was significantly 
increased in hypertension subjects. A significant 
increase (p<0.05)in time domain parameters was 
seen in hypertensive subjects after one minute 
controlled deep breathing. The LF/HF was also 
reduced following controlled deep breathing. The 
Resting heart rate was increased significantly in the 
hypertensive subjects, which might be due to an 
increase in centrally originating oscillations in 
sympathetic drive to the heart. This is similar to the 
findings observed in Singh et al 1998. The SDNN 
was significantly decreased in the hypertensives (p 
< 0.01). The findings are in accordance with Singh 
et al 1998 [22]; E.S. Prakash et al 2005. [23] pNN 
50 and RMSSD are measures of high frequency 
variations in HR and are highly correlated. [24] 

Respiration has a significant effect on the HR 
oscillations and parasympathetic activity is very 
closely related to respiratory sinus rhythm. HRV 
during timed deep breathing is a major index of HR 
variation in the time domain because it has been 
shown to be one of the most reliable and 
reproducible markers of parasympathetic 
modulation of cardiac function. [25] The SDNN, 
RMSSD and pNN50% were significantly increased 
in the hypertensives after one minute controlled 
deep breathing (p <0.001). This might be due to 
relative increase in vagal activity and a reduction in 

sympathetic activity observed during slow 
breathing. Slow breathing may reduce sympathetic 
activity by enhancing central inhibitory rhythms. 
The increase in tidal volume, which compensates 
for the reduced breathing rate in order to maintain 
minute ventilation [26] could be responsible for 
these autonomic changes through a reduction in 
sympathetic activity. [27] The HFnu showed a 
significant increase, while LFnu and LF/HF were 
significantly decreased after one minute controlled 
deep breathing (p<0.01). 

In one study, it was found that participants with 
higher HRV showed better performance on 
cognitive tasks than those with low HRV. [28] A 
systematic review by Forte et al. has indicated that 
HRV can be used as an early biomarker of 
cognitive impairment in a healthy population. [29] 
It is postulated that better cognitive performance in 
the intervention group in the study can be 
recounted to improved HRV following four weeks 
of resonance breathing training. In the current 
study, the perceived stress level was found to 
decrease significantly after four weeks of RF 
breathing training. Similar to this study, Steffan et 
al. have proved that RF breathing elevates current 
mood. [30] In a recently published meta-analysis of 
24 studies, it was established that breathing at 
resonance frequency reduced self-reported stress 
and anxiety with a large effect size. [31] It was 
further suggested that it had benefits even for those 
without clinical levels of anxiety. It has been 
postulated that increasing vagal activity increases 
physical and emotional resilience. Hence, 
improving vagal activity by RF breathing 
intervention for four weeks may be the possible 
cause of the improved perceived stress score in the 
intervention group participants. Further, Mather 
and Thayer proposed that high-amplitude 
oscillations in heart rate produced by resonance 
breathing modulate brain oscillatory activity in 
brain regions associated with emotion regulation. 
[32] The improvement in cognition and perceived 
stress by resonance breathing can further be 
explained by the Neuro-Visceral Integration Model, 
rationalised by Thayer et al.33 This substantiates the 
functional relationship between the prefrontal 
cortex and the heart via the central autonomic 
network (CAN). The CAN includes structures like 
the anterior cingulate gyrus, ventromedial pre-
frontal cortices, the central nucleus of the 
amygdala, the periaqueductal grey matter, the 
nucleus tractus solitarus, the nucleus ambiguous, 
the ventro-lateral/medial medulla, etc., involved in 
stress-regulation, emotional and cognitive 
responses. 

Conclusion 

Our study has shown a significant reduction of 
HRV in Newly Diagnosed Hypertensives compared 
with controls which is highly suggestive of 
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cardiovascular autonomic impairment. HRV 
parameters showed a significant improvement after 
controlled breathing in hypertensives. Hence HRV 
may be used as a tool in addition to the blood 
pressure measurement to assess the underlying 
autonomic disturbances in newly diagnosed 
hypertensive individuals. Life style modifications 
like Yoga, meditation and exercise may improve 
the parasympathetic component of ANS which in 
turn will improve HRV and reduce cardiovascular 
risk. 

References 

1. Ohman L, Nordin S, Bergdahl J, Slunga 
Birgander L, Stigsdotter Neely A: Cognitive 
function in outpatients with perceived chronic 
stress. Scand J Work Environ Health. 2007, 
33:223-32. 

2. Lehrer PM, Gevirtz R. Heart rate variability 
biofeedback: how and why does it work? 
Frontiers in psychology. 2014:756. 

3. Voss A, Schroeder R, Heitmann A, Peters A, 
Perz S. Short-term heart rate variability—
influence of gender and age in healthy 
subjects. PloS one. 2015 Mar 30;10(3):e 
0118308. 

4. Thayer JF, Yamamoto SS, Brosschot JF. The 
relationship of autonomic imbalance, heart rate 
variability and cardiovascular disease risk 
factors. International journal of cardiology. 
2010 May 28;141(2):122-31. 

5. Dhama K, Latheef SK, Dadar M, Samad HA, 
Munjal A, Khandia R, Karthik K, Tiwari R, 
Yatoo MI, Bhatt P, Chakraborty S. Biomarkers 
in stress related diseases/disorders: diagnostic, 
prognostic, and therapeutic values. Frontiers in 
molecular biosciences. 2019 Oct 18; 6:91. 

6. Van Der Zwan JE, De Vente W, Huizink AC, 
Bögels SM, De Bruin EI. Physical activity, 
mindfulness meditation, or heart rate 
variability biofeedback for stress reduction: a 
randomized controlled trial. Applied 
psychophysiology and biofeedback. 2015 Dec; 
40:257-68. 

7. Steffen PR, Austin T, DeBarros A, Brown T. 
The impact of resonance frequency breathing 
on measures of heart rate variability, blood 
pressure, and mood. Frontiers in public health. 
2017 Aug 25; 5:222. 

8. Thayer JF, Åhs F, Fredrikson M, Sollers III JJ, 
Wager TD. A meta-analysis of heart rate 
variability and neuroimaging studies: 
implications for heart rate variability as a 
marker of stress and health. Neuroscience & 
Biobehavioral Reviews. 2012 Feb 1;36(2):747-
56. 

9. Lehrer PM, Vaschillo E, Vaschillo B. 
Resonant frequency biofeedback training to 
increase cardiac variability: Rationale and 

manual for training. Applied psychophysiology 
and biofeedback. 2000 Sep; 25:177-91. 

10. de Bruin EI, van der Zwan JE, Bögels SM. A 
RCT comparing daily mindfulness 
meditations, biofeedback exercises, and daily 
physical exercise on attention control, 
executive functioning, mindful awareness, self-
compassion, and worrying in stressed young 
adults. Mindfulness. 2016 Oct; 7:1182-92. 

11. Grassi G, Mark A, Esler M. The sympathetic 
nervous system alterations in human 
hypertension. Circulation research. 2015 Mar 1 
3;116(6):976-90. 

12. Grassi G, Pisano A, Bolignano D, Seravalle G, 
D’Arrigo G, Quarti-Trevano F, Mallamaci F, 
Zoccali C, Mancia G. Sympathetic nerve 
traffic activation in essential hypertension and 
its correlates: systematic reviews and meta-
analyses. Hypertension. 2018 Aug;72(2):483-
91. 

13. Julius S, Palatini P, Kjeldsen SE, Zanchetti A, 
Weber MA, McInnes GT, Brunner HR, 
Mancia G, Schork MA, Hua TA, Holzhauer B. 
Usefulness of heart rate to predict cardiac 
events in treated patients with high-risk 
systemic hypertension. The American journal 
of cardiology. 2012 Mar 1;109(5):685-92. 

14. Singh JP, Larson MG, Tsuji H, Evans JC, 
O’Donnell CJ, Levy D. Reduced heart rate 
variability and new-onset hypertension: 
insights into pathogenesis of hypertension: the 
Framingham Heart Study. Hypertension. 1998 
Aug;32(2):293-7. 

15. Wulsin LR, Horn PS, Perry JL, Massaro JM, 
D'Agostino Sr RB. The contribution of 
autonomic imbalance to the development of 
metabolic syndrome. Psychosomatic Medicine. 
2016 May 1;78(4):474-80. 

16. Chobanian AV, Bakris GL, Black HR, 
Cushman WC, Green LA, Izzo JL Jr, et al. The 
Seventh Report of the Joint National 
Committee on Prevention, Detection, 
Evaluation and Treatment of High Blood 
Pressure. JAMA [Internet]. 2003 May 21;289 
(19):2560-72.  

17. Devi P, Rao M, Sigamani A, Faruqui A, Jose 
M, Gupta R, et al. Prevalence, risk factors and 
awareness of hypertension in India: a 
systematic review. J Hum Hypertens [Internet]. 
2012 Sep 13;27(5):281-7. 

18. Hypertension: The Silent Killer. Indian 
Council of Medical Research, Department of 
Health Research - Ministry of Health & Family 
Welfare, Government of India. 2018 May.  

19. Gupta R. Trends in hypertension epidemiology 
in India. J Hum Hypertens [Internet]. 2004 
Feb;18(2):73-8.  

20. National   Nutrition   Monitoring   Bureau.   
Diet and Nutritional Status of Tribal 
population and Prevalence of Hypertension 



 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Amitayush et al.                      International Journal of Current Pharmaceutical Review and Research  

237   

among adults. National Institute of Nutrition, 
Indian Council of Medical Research, 
Hyderabad. 2009. Technical report no. 25. 

21. Julius S. Autonomic nervous system 
dysregulation in human hypertension. Am J 
Cardiol. 1991; 67:3B– 7B. 

22. Singh JP, Larson MG, Tsuji H, Evans JC, 
O’Donnell CJ, Levy D. Reduced Heart Rate   
Variability and New-Onset Hypertension 
Insights into Pathogenesis of Hypertension: 
The Framingham Heart Study. Hypertension. 
1998 Aug;32(2):293-7. 

23. Prakash ES, Madanmohan, Sethuraman KR, 
Narayan SK. Cardiovascular autonomic 
regulation in subjects with normal blood 
pressure, high normal blood pressure and 
recent-onset hypertension. Clin Exp Pharmacol 
Physiol. 2005 Apr 22.32(5- 6):488-94. 

24. Task Force of the European Society of 
Cardiology and the North American Society of 
Pacing and Electrophysiology. Heart rate 
variability: standards of measurement, 
physiological interpretation and clinical use. 
Eur Heart J. 1996. 17:354-81. 

25. Ewing DJ, Martyn CN, Young RJ, Clarke BF. 
The value of cardiovascular autonomic 
function tests: 10 years’ experience in diabetes. 
Diabetes Care. 1985 Sep-Oct;8(5):491-8. 

26. Bernardi L, Spadacini G, Bellwon J, Hajric R, 
Roskamm H, Frey AW, et al. Effect of 
breathing rate on oxygen saturation and 
exercise performance in chronic heart failure. 
Lancet [Internet]. 1998 May 2;351(9112): 
1308-11.  

27. Goso Y, Asanoi H, Ishise H, Kameyama T, 
Hirai T, Nozawa T, et al. Respiratory 
modulation of muscle sympathetic nerve 
activity in patients with chronic heart failure. 
Circulation. 2001 Jul 24.104(4):418- 23. 

28. Hansen AL, Johnsen BH, Thayer JF. 
Relationship between heart rate variability and 
cognitive function during threat of shock. 
Anxiety, Stress, & Coping. 2009 Jan 
1;22(1):77-89. 

29. Forte G, Favieri F, Casagrande M. Heart rate 
variability and cognitive function: A 
systematic review. Frontiers in neuroscience. 
2019 Jul 9; 13:710. 

30. Steffen PR, Austin T, DeBarros A, Brown T. 
The impact of resonance frequency breathing 
on measures of heart rate variability, blood 
pressure, and mood. Frontiers in public health. 
2017 Aug 25; 5:222. 

31. Goessl VC, Curtiss JE, Hofmann SG. The 
effect of heart rate variability biofeedback 
training on stress and anxiety: a meta-analysis. 
Psychological medicine. 2017 Nov;47(15): 25 
78-86. 

32. Mather M, Thayer JF. How heart rate 
variability affects emotion regulation brain 
networks. Current opinion in behavioral 
sciences. 2018 Feb 1; 19:98-104. 

33. Thayer JF, Hansen AL, Saus-Rose E, Johnsen 
BH. Heart rate variability, prefrontal neural 
function, and cognitive performance: the 
neurovisceral integration perspective on self-
regulation, adaptation, and health. Annals of 
behavioral medicine. 2009 Apr 1;37(2):141-
53.

 

 


