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Effect on Time Domain Parameters of HRV after Slow
Breathing Exercise in Type 2 Diabetes Mellitus

Jenefer Yesmin', Noorzahan Begum?, Sultana Ferdousi*

Abstract

Background: Cardiac autonomic nerve dysfunction has been associated with Type 2 Diabetes Mellitus
(T2DM) with reduced Heart Rate Variability (HRV). Regular practice of slow breathing exercise (SBE)
improves cardiac autonomic nerve function. Objective: To assess the effects of slow breathing exercise
on cardiac autonomic nerve function by analysis of HRV in patients with Type 2 Diabetes Mellitus
(T2DM). Methods: This prospective interventional study was carried out in the Department of
Physiology, Bangabandhu Sheikh Mujib Medical University in 2015. For this, total 30 male diagnosed
T2DM patients from the Out Patient Department of Endocrinology, BSMMU aged 45-55 years with
diseases duration of 5-10 years were included in the study group. All the patients underwent slow
breathing exercise (SBE -30 mins twice daily) for 3 months along with medical treatment. Mean heart
rate (HR), mean R-R interval, standard deviation of the NN intervals (SDNN), Square root of mean
squared differences of successive N-N intervals (RMSSD) of HRV parameters were recorded at the
beginning of 3 months and also at the end of 3 months of study period. Thirty age, BMI matched
healthy subject also included as control. For statistical analysis paired and unpaired sample t-test
were done as applicable. Results: In this study, Pre-exercise value of mean HR was significantly
higher (p<0.001) and Pre-exercise values of mean R-R interval, SDNN and RMSSD were significantly
lower (p<0.001) in diabetic patients in comparison to control. After 3 months of performing SBE, post
exercise values of all parameters were improved significantly (p<0.001). Conclusion: The results of
this study revealed that SBE has some beneficial effects on cardiac autonomic balance in T2DM
patients.
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Introduction
iabetes mellitus (DM) is a metabolic innervating the heart are affected earlier than the
D disorder characterized by hyper- sympathetic nerve fibers during progression of
glycemia resulting from impairmentof ~ cardiac autonomic neuropathy (CAN)*. Reduced

insulin secretion and/or insulin action!. It is a  heart rate variability (HRV) is the manifestation
worldwide health problem that increases  of CAN which results from damage to the
cardiovascular morbidity and autonomi ¢  autonomic nerve fibers innervating the heart and
neuropathy?-3. The parasympathetic nerve fibers ~ blood vessels®. Time domain method determines
the heart rate at any point in time or the intervals
between successive normal QRS complex in a
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continuous ECG record. Simple time domain
indices comprise mean normal to normal QRS
complex (NN) interval and mean HR, the
difference between longest and shortest NN
interval and maximum and minimum NN ratio.

Statistical time domain indices comprise standard
deviation of the NN interval (SDNN), root of the
mean squared differences of successive NN
intervals (RMSSD), the number of interval
differences of successive NN intervals greater
than 50 ms (NN50), and pNN50 ,the proportion
derived by dividing NN50 by the total number of
NN intervals. Mean heart rate and mean R-R
interval can be used to assess both sympathetic
and parasympathetic nerve function activity.
SDNN measured in time domain method that
represents the total heart rate variability (both
sympathetic and parasympathetic nervous
system). RMSSD represents the vagal
modulation®.

Yoga is an ancient technique that brings balance
in physical health, mental health, emotional and
spiritual dimensions’.Yoga practice is a form of
stress reducing method in type 2 diabetic
patients®. Many researchers reported about
improvement of cardiac autonomic nerve function
when the healthy subjects performed yoga based
slow breathing exercise® 13

Many researchers had also seen improvement in
cardiac autonomic nerve function status in many
diseased conditions like asthma, essential
hypertention including type 2 Diabetes mellitus
(T2DM) after practicing yoga based exercise!4
18 On the contrary, some other group of
investigators reported almost no significant
change in cardiac autonomic balance after slow
breathing exercise in healthy subject!®.

On the basis of these findings this study was
designed to see the effect of SBE on autonomic
balance in patients with type 2 diabetes mellitus.

Methods
This prospective interventional study was carried
out in the department of Physiology,

16

Bangabandhu Sheikh Mujib Medical University
(BSMMU), Dhaka from March’15 to February’16.
The protocol of this study was approved by
Institutional Review Board of BSMMU. Thirty
diagnosed male patients with type 2 diabetes
mellitus aged 45-55 years with fasting blood
glucose 5.9-8.9 mmol/l were recruited by simple
random sampling from Endocrinology OPD,
BSMMU. All patients were treated with oral anti-
hyperglycemic drugs and lifestyle management
(diet and exercise). After collecting baseline data
study group (B) underwent slow breathing
exercise (SBE) for 3 months. Thirty male healthy
controls (A) with similar age and BMI were
enrolled through personal contact. All the
subjects were free from history of chronic
illnesses such as renal and heart diseases,
neurological, psychological and thyroid
disorders and smoking. History of any kind of
yoga practice was also ruled out.

The aim, benefit and procedure of the study were
explained and informed written consent was
obtained from all the study participants. A
detailed family and medical histories were taken.
A thorough clinical examination of all subjects
was done and all information was recorded in a
prefixed questionnaire.

The subjects were advised to take their meal by
9:00pm at previous night with sound sleep and
avoid any physical or mental stress and sedative.
They were also advised to take light breakfast
without tea and coffee in the morning of
examination.

All the examinations were done in the Autonomic
Nerve Function Test Laboratory in the department
of Physiology BSMMU. HRV recording was done
by RMS Polyrite D machine. Before recording
the subject was allowed to take rest for at least 5
minutes in calm and silent environment. Then
minimum 5 minutes ECG recording was taken in
supine position.

After recording HRV parameters, the steps of SBE
were explained to them. Seven consecutive days
training on SBE was given to them.

Alternate nostril breathing!? as style of SBE was
performed by the patients for three months.
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Data were analyzed before and after SBE and
then compare with control. For statistical analysis,
paired and unpaired ‘t’ test were done.

Results

The pre-exercise values of pulse rate, systolic
blood pressure and diastolic blood pressure were
found significantly higher in diabetic patients
compared to those of control (Table I).

Table I: General Characteristics in different
groups (n=60)

Parameters Control T2DM

(n=30) (baseline/pre-

exercise value)

Age (years) 48.5+0.50 49.86+0.56
BMI(sq/m) 22.89+0.23 23.2440.23
SBP (mmofHg) 12533+1.04 129.14+1.41%*
DBP(mm of Hg) 77+0.88 80.34+0.89*
Pulse Rate 77.03£0.80  82.69+0.84%**
(beat/mint)

Data were expressed as Mean + SE. (***=
p<0.001, **=p<0.01 and * =P <0.05)

Pre-exercise mean value of mean HR was
significantly (p<0.001) higher and pre-exercise
values of mean R-R interval, SDNN, RMSSD were
significantly (p<0.001) lower than those of
control (Table IT).

Table I1: The values of Time Domain parameters
in different group (n=60)

Parameters Control T2 T2D
Mpre- Mpost
exercise exercise

Mean HR 70.33+ 81.21+ 74.59+

beats/mint 1.48 1316 2.59*U

(

Mean R-R 0.86+ 0.74 + 0.83 +

(sec) 0.02 0.01%* 0 0.03"Y

SDNN 54.17+ 28.11 + 48.27 +

(ms) 3.14 1.63***6 522"V

RMSSD 48.25+ 15.50 + 44.83 +

(ms) 2.48 1288 671U

Data were expressed as Mean + SE. (¥**=p<0.001, **
= p< 0.01) T2DM=Type 2 Diabetes mellitusd
=Independent sample‘t’ test, U = Paired sample‘t” test.
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Post exercise mean values of all parameters
improved significantly (p<0.001) after 3 months
of slow breathing exercise in comparison to their
pre-exercise value.
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Figure 1: Mean HR in different groups. Post
exercise HR was significantly improved in
DM.
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Figure 2: Mean RR in different groups. Post
exercise RR was significantly improved in
DM.
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Figure 3: Mean SDNN in different groups. SBE
significantly improved SDNN in DM.
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Figure 4: Mean RMSSD in different groups.
RMSSD was significantly improved after SBE in
DM.

Discussion

In this study, the baseline values of pulse rate,
systolic blood pressure, diastolic blood pressure
and mean HR were significantly higher in diabetic
patients in comparison to control. Slow breathing
exercise for 3 months reversed all these values
towards parasympathetic predominance.

Higher values of pulse rate, systolic blood
pressure, diastolic blood pressure, mean HR and
lower values of mean R-R interval, SDNN, RMSSD
in diabetic patients indicate autonomic imbalance
towards sympathetic predominance3-# 20-21,

The significant decrease of post exercise value
of mean HR was observed in this study. But some
researchers found no significant change after
breathing exercise in both healthy subjects and
diseased condition!? 13, 2223,

The significant increase of post exercise value of
mean R-R interval, SDNN, RMSSD was observed
in this study which is consistent with findings of
other researchers in healthy subjects after
practicing yoga®3> 24, But some researchers
reported about no significant change after
breathing exercise in both healthy subjects and
diseased condition!? 13- 1923,

From this study it is obvious that slow breathing
exercise improved cardiac autonomic nerve
function towards parasympathetic predominance
in this group of patients which was indicated by
significant change of post exercise value of mean

HR, mean R-R interval and RMSSD in comparison
to pre-exercise value.

Slow deep breathing exercise shifts the attention
of the subject from the surro unding and increase
concentration towards the breathing which
relieves the subject from stress. This stress free
condition might decreases sympathetic activity
and thus decreases heart rate!® 26, Thus SBE
might shift autonomic nerve function activity
away from sympathetic dominance.

Yoga based slow breathing exercise might
increase vagal tone which shift sympathovagal
balance towards parasympathetic predo-
minance®!2-1417-18.27 Moreover SBE might also

increases baroreflex sensitivity2%2,

It has been also suggested that synchronization
of neural tissue including hypothalamus and
brainstem due to generation of hyperpolarization
current in fibroblast of lungs, decrement of
adrenaline may be responsible for the changes
in this study?8-31.

Conclusion

From this study, it can be concluded that
autonomic nerve dysfunction with sympathetic
predominance occurred in T2DM and yoga based
SBE could improve autonomic activity towards
parasympathetic dominance.

Conflict of interest: None

Authors’ Affiliations

*1.Jenefer Yesmin, Lecturer, Dept of Physiology,
Shaheed Suhrawardy Medical College, Dhaka. email:
jene.bsmmu@gmail.com.

2. Noorzahan Begum, Professor, Dept of Physiology,
BSMMU, Dhaka. email: noorzahan52@gmail.com.

3. Sultana Ferdousi, Associate Professor, Dept of
Physiology, BSMMU, Dhaka. email:
sferdousiratna@gmail.com.

*For correspondance

References
1. Ahmed KA, Muniandy S, Ismail IS. Type 2 Diabetes

and Vascular Complications: A pathophysiologic
view. Biomed Res. 2010; 21(2): 147-155.

18 J Bangladesh Soc Physiol. 2017, June; 12(1): 15-20



HRV in Type 2 DM after Slow Breathing

29

Yesmin et al.

10.

11.

12.

J Bangladesh Soc Physiol. 2017, June; 12(1): 15-20

Gordon LA, Morrison EY, McGroeder DA, Young
R, Fraser YTP, Zamora EM, Alexander-Lindo R,
Irving RR. Effect of exercise therapy on lipid profile
and oxidative stress indicators in patients with type
2 diabetes. BMC Complem Altern M. 2008; 8 (21):
1-10.

Kudat H, Akkaya V, Sozen AB, Salman S, Demirel
S, Ozcan M, Atilgan D, Yilmaz MT, Guven O. Heart
Rate Variability in Diabetes Patients. J Int Med
Res. 2006; 34: 291-296.

Tarvainen MP, Laitinen TP, Lipponen JA,
Cornforth DJ, Jelinek HF. Cardiac autonomic
dysfunction in type 2 diabetes —effect of
hyperglycemia and disease duration. Front

Endocrinol. 2014; 5: 1-9.

Vinik AI, Maser RE, Mitchell BD, Freeman R.
Diabetic Autonomic Neuropathy. Diabetes Care.
2003; 26 (5): 1553-1579.

Task Force of the European Society of American
Society of Pacing and Electrophysiology. Heart
Rate Variability: Standards of Measurement,
Physiological interpretation and Clinical Use.
Circulation. 1996; 93: 1043-65.

Ross A, Thomas S. The Health Benetits of Yoga
and Exercise: A Review of Comparison Studies. J
Altern Complement Med. 2010; 16(1): 3-12.

Alexender GK, Innes KE, Brown CJ, Kulbok P,
Bourguignon C, Bovbjerg VE, Taylor AG. Adults
with or at Risk for Type 2 Diabetes Reflect on
Their Experiences with Yoga Practice. The Diabetes
Educator. 2010; 36 (6): 965-975.

Srivastava RD, Jain N, Singhal A. Influence of
Alternate Nostril Breathing on Cardiorespiratory
and Autonomic Functions in Healthy Young Adults.
Indian J Physiol Pharmacol. 2005; 49(4): 475-
483.

Pal GK, Velkumary S, Madanmohan. Effect of
short-term practice of breathing exercises on
autonomic functions in normal human volunteers.
Indian J Med Res. 2004; 120: 115-121.

Dhanvijay AD, Dhokne N, Choudhary AK,
Kishanrao SS, Chandan L. Effects of Alternate
Nostril Breathing on Cardio-respiratory Variable
in Healthy Young Adults. Internatinal Journal of
Pharma and Bio Sciences. 2015; 6(2): 1352-1360.

Bhimani NT, Kulkarni NB, Kowale A, Salvi S. Effect
of Pranayama on Stress and Cardiovascular

13.

14.

15.

16.

17.

18.

19.

20.

21.

Autonomic Function. Ind J Physiol Pharmacol.
2011; 55(4):
370-377.

Sinha AN, Deepak D, Gusain VS. Assessment of the
Effect of Pranayama/ Alternate Nostril Breathing
on the Parasympathetic Nervous System in Young
Adults. Journal of Clinical & Diagnostic Research.
2013; 7(5): 821-823.

Khanam AA, Sachdeva U, Guleria R, Deepak KK.
Study of Pulmonary and Autonomic Functions of
Asthma Patients After Yoga Training. Ind J Physiol
Pharmacol. 1996; 40(4): 318-324.

Bhavanani AB, Jayasettiaseelon E, Sanjay Z,
Madanmohan. Immediate Effect of Chandranadi
Rate

Cardiovascular Parameters in Patients of Diabetes

Pranayam on Heart Variability and
Mellitus and Hypertention. Yoga Mimamsa. 2013;

45 (1&2): 1-13.

Mourya M, Mahajan AS, Singh NP, Jain AK. Effect
of Slow- and Fast — Breathing Exercise on
Autonomic Function in patients with Essential
Hypertension. J Altern Complement Med. 2009;
15 (7): 711-717.

Jyotsna VP, Ambekar S, Singla R, Joshi A, Dhawan
A, Kumar N, Deepak KK, Sreenivas V. Cardiac
autonomic function in patients with diabetes
improves with practice of comprehensive yogic
breathing program. Indian J Endocrinol Metab.
2013; 17(3): 480-485.

Telles S, Yadav A, Kumar N, Sharma S, Visweswaraiah
NK, Balkrishna A. Blood pressure and purdue
pegboard scores in individuals with hypertension
after alternate nostril breathing, breath awareness,
and no intervention. Med Sci Monit. 2013; 19: 61-
66.

Tharion E, Samuel P, Rajalakshmi R, Gnanasenthil
G, Subramanian RK. Influence of Deep Breathing
Exercise on Spontaneous Respiratory Rate and
Heart Rate Variability: a Randomised Controlled
Trial in Healthy Subjects. Indian J Physiol
Pharmacol. 2012; 56(1): 80-87.

Pramodh V, Kumar MP, Prasad BAK. Heart rate
variability in type 2 diabetics. INT J BIOL RES.
2014; 5(5): 364-367.

Syed PTA, Ahmed VIT, Jacob J, Joseph P. Time

and frequency domain analysis of Heart Rate

19



HRV in Type 2 DM after Slow Breathing

30

Yesmin et al.

22.

23.

24.

25.

26.

Variability and their correlations in Diabetes
Mellitus. World Academy of Science, Engineering
and Technology. 2008; 15: 624-627.

Grieco CR, Colberg SR, Somma T, Thompson AG,
Vinik AlL. Acute Effect of Breathing Exercises on
Heart Rate Variability in Type 2 Diabetes: A Pilot
Study. J Altern Complement Med. 2014; 20(8):
642-648.

Muralikrishnan K, Balakrishnan B, Balasubramanian
K, Visnegarawla F. Measurement of the effect of
Isha Yoga on cardiac autonomic nervous system
using short-term heart rate variability. Journal of
Ayurveda & Integrative Medicine. 2012; 3(2):
91-96.

Khattab K, Khattab AA, Ortak J, Richardt G,
Bonnemeier H. Iyengar Yoga Increases Cardiac
Parasympathetic Nervous Modulation Among
Healthy Yoga Practitioners. eCAM. 2007;

4(4):511-517.

Nagarajan S. Effect of Slow Breathing Training for
a Month on Blood Pressure and Heart Rate
Variability in Healthy Subjects. National Journal of
Physiology, Pharmacy & Pharmacology. 2014;
4(3): 245-248.

Upadhyay-Dhungel K, Sohal A. Physiology of
nostril breathing exercises and its probable relation

27.

28.

29.

30.

31.

with nostril and cerebral dominance: A theoretical
research on literature. JMCIMS 2013; 1(1): 38-47.

Raghuraj P, Rmakrishnan AG, Nagendra HR, Telles
S. Effect of Two Selected Yogic Breathing
Techniques on Heart Rate Variability. Indian J
Physiol Pharmacol. 1998; 42(4): 467-472.

Bernardi L, Porta C, Spicuzza L, Bellwon J,
Spadacini G, Frey AW, Yeung LYC, Sanderson JE,
Pedretti R, Tramarin R. Slow Breathing Increases
Arterial Baroreflex Sensitivity in Patients with
Chronic Heart Failure. Circulation. 2002; 105: 143-
145.

Joseph CN, Porta C, Casucci G, Casiraghi N, Maffeis
M, Rossi M, Bernardi L Slow Breathing Improves
Arterial Baroreflex Sensitivity and Decreases Blood
Pressure in Essential Hypertension. Hypertension.
2005; 46: 714-718.

Jerath R, Edry JW, Barnes VA, Jerath V. Physiology
of long pranayamic breathing: Neural respiratory
elements may provide a mechanism that explains
how slow deep breathing shifts the autonomic
nervous system. Med Hypotheses. 2006; 67(3):
566-571.

Dhungel KU, Malhotra V, Sarkar D, Prajapati R.
Effect of alternate nostril breathing exercise on
cardiorespiratory functions. Nepal Med Coll J.
2008; 10(1): 25-27.

J Bangladesh Soc Physiol. 2017, June; 12(1): 15-20



