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Slow Breathing Exercise Improves Cardiac Autonomic
Dysfunction in Male Patients with Transfusion Dependent
Thalassemia: A Power Spectral Analysis of Heart Rate Variability

Kamol Chandra Das'*, Sultana Ferdousi?

ABSTRACT

Background and Aim: Iron overload induced cardiac autonomic dysfunction is a major
contributor to fatal arrhythmia and cardiac morbidity and mortality in transfusion-dependent
thalassemia (TDT) patients. Slow breathing exercise (SBE) increases cardiac parasympathetic
activity in health and disease. This study aimed to assess the effect of slow breathing exercise
(SBE) on frequency domain measures of heart rate variability in TDT patients. Methods:
This prospective interventional study was done on 60 diagnosed male TDT patients aged
15-30 years. They were subdivided into 30 patients with conventional treatment only and
30 patients performed SBE for consecutive 3 months along with the conventional treatment.
Age and gender matched healthy control were also studied without SBE. HRV parameters
were recorded by Power Lab 8/35. For statistical analysis paired t test and independent
sample t test were done as applicable. Results: Total power (TP), High frequency power
(HF), HFnu and Low frequency power (LF) were found significantly lower but LFnu and LF/HF
were found significantly higher inTDT patients compared to healthy control at baseline. After
3 months of SBE, significant increment of TP HF and HFnu and significant decrement of LF,
LFnu and LF/HF occurred with trend of improvement in cardiac autonomic nerve function in
TDT patients. No significant change in these parameters was found in patients without SBE
after 3 months of follow-up. Conclusion: SBE can improve cardiac autonomic dysfunction by
restoring cardiac vagal activity and reducing sympathetic activity with shifting of autonomic
balance to parasympathetic predominance in TDT patients.
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INTRODUCTION

Thalassemia is the most common inherited blood
disorder in the world.!" Worldwide it is an increasing
public health problem.” Globally, approximately
60000-70000 born children present with severe
form of anemia. In Bangladesh, approximately six
thousands children are born with this disease.*
As a result of ineffective erythropoiesis and extra
medullary  hemolysis, anemia manifest as
predominant clinical feature.” Transfusion dependent
thalassemia (TDT) patients requires regular blood
transfusion to sustain their life.”! Though regular
and repeated blood transfusion is mandatory in
this group of patient for their life, but it causes the
most serious complication iron overload."” The fatal
consequence of iron deposition in heart causing
oxidative induced cardiac tissue damage, cardio
toxicity and cardiomyopathy which are the most
frequent causes of death among these patients.®
Decrement in heart rate variability (HRV) is related
with a higher risk of arrhythmias after myocardial
infarction and heart failure."! Evaluation of cardiac
autonomic nerve function (CANF) in thalassemic

patients showed depressed HRV in them by a group
of researchers.!"”

HRV is a sensitive non-invasive procedure for
evaluation of cardiac autonomic nerve function. It
detects the beat to beat change in heart rate or RR
interval.'>4) HRV analysis has been popularly used
as an investigation for autonomic nervous system in
diabetes, other cardiovascular disease.!'*-6]

Akserold et al. was the pioneer scientist in
demonstrating the frequency specific signal of
heart rate by modulation of dynamic cardiovascular
central system.!"”! Later by the observation of many
scientist, different frequency bands are obtained
from tachogram which is obtained by plotting RR
intervals in each beat by time series. In frequency
domain method, power spectral density (PSD)
calculates the information of total power (variance)
which distributes as a function of frequency. Very low
frequency (VLE, frequency range 0.0-0.04 Hz), low
frequency (LE frequency range 0.04-0.15) and high
frequency (HE, frequency range 0.15-0.4 Hz) are the
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components of different frequency band of total power (frequency range
0.0-0.4 Hz) in a spectrum of 2-5 min recording. Taskforce reccommended
5 min recording for spectral analysis and 24 hr recording for time
domain method.!">!*!

Measurements of two major LF and HF power components (ps?),
also expressed in normalized units (n.u.) which represent the relative
value of each autonomic component contributing to the variability
as neural contributor. The vagal activity is a major contributor to the
HF component. The LF component is an indicator of sympathetic
modulation, but few researchers also propose it is contributed by both
sympathetic and vagal influences. LF-HF ratio is considered as a mirror
of sympathovagal balance. 13141519

SBE is one kind of yoga is voluntary regulation of breathing through
alternate nostrils in order to regulate rhythmical respiration and to
keep the mind calm. SBE has role on autonomic balance by increasing
parasympathetic activity and decreasing sympathetic activity.®” This
exercise improve CANF by increasing parasympathetic activity or
decreasing sympathetic activity in some diseases and also in normal
healthy person.?-22!

Although few studies published effect of SBE on HRV in migrane, diabetes
mellitus but effect of SBE on HRV in transfusion dependent patient is
not known. Therefore this study has been designed to investigate the
effect of SBE on frequency domain measures of HRV in TDT patients
so that SBE can be recommended in addition to conventional treatment
and improve CANF as well as reduce the cardiovascular complications.

This study aimed to compare the power spectral parameters of HRV
between TDT patients with SBE and without SBE to observe the effect
of SBE on cardiac autonomic function in TDT. We hypothesized that
slow breathing exercise will reverse the autonomic dysfunction in TDT
patients.

MATERIALS AND METHODS
Study Design and Setting

This prospective quasi experimental study with parallel design was
carried out in 2018 in Department of Physiology, Bangabandhu Sheikh
Mujib Medical University (BSMMU), Shahbag, Dhaka to observe the
effect of SBE on CANF in male TDT patients by assessing frequency
domain measures of HRV. The protocol was approved by the Institutional
Review Board of BSMMU, Dhaka. After explaining the aim and benefit
and procedure of the study, informed written consent was taken from
each subject.

Sampling and Sample Size

Sample size was calculated by a statistical equation based on effect size
published in a similar study®! Consecutive sampling was followed
for preliminary selection of the TDT patients from the outpatient
department of Blood transfusion and Hematology.

Study Participants

A total of 60 male TDT patients, diagnosed by hematologists, aged
15-30 years were enrolled for this study. For comparison of CANE
30 apparently healthy male subjects with similar age range were taken as
control to detect autonomic dysfunction in TDT patients. The patients
were selected from the outpatient department of Transfusion Medicine
and Hematology, BSMMU and the healthy controls were selected
from the attendants of patients, hospital staff and students of BSMMU.
All the subjects were free from respiratory disease, renal disease,
diabetes mellitus, thyroid disorder and other hematological diseases.
All these enrolled patients were subdivided equally into two groups.
In experimental group, 30 patients were assigned with slow breathing

The protocol was approved by
the Institutional Review Board
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Figure 1: Outline of progression of participants during study period.

exercise and in control group, 30 patients were without slow breathing
exercise. All patients received conventional treatment throughout the
study period. Data of both the groups were collected at baseline before
intervention with SBE or without intervention with SBE and also after
3 months of intervention or follow-up. Similarly healthy subjects were
studied at baseline and after 3 months. The flow chart of recruitment of
participants and the work flow is given in Figure 1.

Parameters Studied

After enrollment, the subjects were advised to follow some instructions
in the previous night of HRV test day as part of preparation for HRV
data collection. They were advised to finish their meal by 9:00 pm on
previous night, to remain free from any type of stress, not to take sedative
hypnotic medication. They were requested to take light breakfast without
tea and coffee and to attend the autonomic nerve function test laboratory
in the department of Physiology, BSMMU between 8:00 am to 10:00 am
on the test day. A thorough physical examination including heart rate
(HR), blood pressure (BP), height, weight, waist circumference, hip
circumference was measured and BMI was calculated.

The subject was advised to take rest for 15-20 min in a controlled
laboratory environment. During this period he was not allowed to talk,
eat or drink, to perform physical or mental activity, even sleep. ECG
was recorded on lead II for 5 min by data acquisition device Power
Lab 8/35 (AD instrument, Australia). Power spectral analysis of HRV
signals based on FFT was generated by Lab chart software. All data were
recorded in a prefixed data schedule.

Intervention

For intervention with SBE, alternate nostril breathing procedure was
chosen in order to observe the improvement in the level of compliance
and to reduce the dropout rate of study population. This form of yoga is
easy to perform than other relaxation technique of yoga.?” For ensuring
the adequate performance of the procedure the principal investigator
organized a training session for the participants. The procedure was
demonstrated by an expert and participants in a small group practiced
the steps of alternate nostril breathing till the trainer was satisfied with
their performance.

The patients were advised to exercise slow breathing in a sitting position
daily in the morning before breakfast and at evening for half an hour for
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consecutive three months at home. For recording the event of exercise,
a diary with time schedules including the pictures and steps of SBE in
native language were provided to each patient in experimental group.
For compliance of intervention, performance of patients was monitored
by frequent home visits whenever possible, during their appointment
in the hospital for blood transfusion and also was communicated
3-5 times per week via telephone calls. Monthly contact with those
patients without intervention was maintained by the research team.

All study patients with or without intervention was advised to report
for follow up data collection after 3 months in the Autonomic Nerve
Function Lab of the Department of Physiology of BSMMU.

Study Outcomes

The primary target of the study was to observe the effect of SBE on
CANF in TDT patients after 3 months of intervention. Spectral measures
of HRV in TDT patients after 3 months of intervention were studied.
This can be achieved by observing the changes in the power spectral
measures of HRV (TP, LE, HE, LFnu, HFnu, LF/HF) by comparing its
values at baseline to endpoint after 3 months intervention with SBE.
Furthermore, it can be supported by comparing these values in TDT
patients without SBE. Again the effect of SBE on CANF can be confirmed
by comparing the data collected after 3 months between both groups. In
addition, comparison of the baseline data between healthy control and
all TDT patients confirmed the existence of autonomic dysfunction in
TDT patients before intervention and follow-up.

Statistical Analysis of Data

Data were expressed as Mean and standard error of mean and percentage.
Statistical analysis was done using SPSS version 16 and Microsoft Excel
2007.0ne way ANOVA followed by post hoc analysis, paired sample
t test and independent sample ¢ test were done as applicable. P value of
< 0.05 was considered as statistically significant.

RESULTS

At the beginning of study, total 90 subjects were enrolled. Among them,
60 were patients and 30 were control subjects. During the period of
study 14 (8+6) patients were dropped due to their inability to come to
the laboratory. Data of about 13 of these patients were missed as they live
outside Dhaka. One patient was undergone surgery. Six healthy subjects
were outside Dhaka, so they could not come to Dhaka for follow up data
recording. Therefore finally data of 46 patients and 24 healthy controls
were used in data analysis. Values of data were normally distributed.
Among 46 patients 3 patients were B thalassemia and 43 patients were
Hb E-p thalassemia.

In this study, no significant difference was found in age and waist-hip
ratio between TDT patients and healthy control. In addition there was
no significant difference between SBE and non SBE patients in all these
parameters (Table 1).

At baseline TP, LE, HF and HF nu were significantly decreased (P<0.001),
but HR, LF nu and LEF/HF ratio were significantly (P<0.001) higher in
both SBE and non SBE groups compared to control. Again no significant

Table 1: Age and waist-hip ratio of participants.

Parameters Control (n=24) Non-SBE (n=22) SBE (n=24)
Age (years) 18.75+0.84 19.4+0.88 18.75+0.81
Waist-hip ratio 0.86+0.02 0.86+0.02 0.86+0.01

Data were expressed as mean+ SE. Statistical analysis was done by independent
sample t test. SBE: Slow breathing exercise.

Table 2: Baseline values of HR, BP and frequency domain measures of
HRV in different groups.

Parameter Control (n=24) Non-SBE (n=22) SBE (n=24)
HR (beats/min) 70.00+1.69 90.09+2.17" 87.9+2.31™
SBP(mm of Hg) 116.75£1.06 101.55+1.74™" 100.58+1.9™
DBP(mm of Hg) 74.58+1.15 63.45+1.08™ 62.92+ 1.84™

TP 2999.84+413.04  564.51498.13 "  655.38+107.04 "
LF power 815.23+131.54 179.18+34.23"™ 232.55+39.38 ™"
HF power 1256.49+232.54 140.84+35.6 155.24+36.61"
LF nu 42.33+2.5 61.81+3.72™ 62.64+3.36™
HF nu 56.51+2.41 36.63+3.48™ 35.39+3.03™
LEF/HF 0.83+0.08 2.56+0.48" 2.46+0.4™

Data were expressed as mean * SE. Statistical analysis was done by independent
sample f test. SBE: Slow breathing exercise; SBP: Systolic blood pressure; DBP:
Diastolic blood pressure; TP: Total Power; LF power: Low frequency power; HF
power: High frequency power; LFnu: LF power in normalized unit; HFnu: High
frequency power in normalized unit; LE/HF: Low frequency and high frequency
power ratio.

**P<0.001

* symbol indicates comparison with control group.

differences were observed between SBE and non SBE patients in all these
above parameters (Table 2).

After 3 months follow up, TDT patients without SBE had similar pattern
of these parameters when compared to their baseline values, whereas
after three months of SBE, mean value of HR, LF power, LF nu and LF/
HEF significantly (P<0.01, P<0.05, P<0.001 and P<0.001 respectively)
decreased but TP, HF power and HFnu significantly (P<0.01, P<0.01 and
P<0.001 respectively) increased in patients (Table 3).

Again post intervention values of all these parameters except LF power
showed different trends in SBE group compared to their non-SBE
counterparts and it was statistically significant. Though HR, TP, LF
power and HF power in SBE group were significantly different from
control, LFnu, HFnu and LF/HF reached close to control value (Table 4).

DISCUSSION

The present study assessed cardiac autonomic nerve function in
diagnosed TDT patients before and after slow breathing exercise with
conventional treatment for 3 months by power spectral analysis of
frequency domain parameters of HRV and compared these results with
control.

Significantly decreased TP, HF power, HFnu and LF power along
with significantly increased LFnu and LF/HF in both TDT groups
compared to healthy counterpart before intervention is suggestive of
impaired autonomic harmony characterized by lower cardiac vagal
activity and higher sympathetic activity and autonomic balance shifted
to sympathetic predominance in these groups of TDT patients. This
result is in concordant with previous research findings in thalassemic
patients compared to healthy subjects.!!! These change in HRV noted
in thalassemic patients predicts their greater vulnerability to the risk of
adverse cardiac incidence.

Transfusion-mediated iron overload due to repeatedly blood transfusion
is the major problem in TDT patient. Excess iron generates excessive
amount of free radicals in different tissues that impair many cellular
activity and organ or system function which leads to autonomic
imbalance.'"” Moreover, after three months performance of SBE, there
was significant increment of these parameters in these patients, which
point towards improvement of autonomic harmony that has been
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Table 3: Pre and post intervention comparison of HR, BP and frequency domain measures of HRV in different groups.

Parameters Non-SBE (n=24) SBE (n=22)
Pre Post Pre Post
HR (beats/min) 90.09+2.17 90.82+2.2 87.9+2.31 82.42+2.1"
SBP(mm of Hg) 101.55+1.74 102.82+1.21 100.58+1.9 101.25+1.91
DBP(mm of Hg) 63.45+1.08 64.36+0.91 62.92+1.84 63.08+1.79
TP 564.51+£98.13 504.66£97.09 655.38+107.04 874.73+97.24"
LF power 179.18+34.23 179.18+33.68 232.55%£39.38 170.76+19.35
HF power 140.84+35.6 124.72+28.54 155.24+36.61 345.27+58.77"
LF nu 61.81+£3.72 64.94+2.96 62.64+3.36 37.61+3.2""
HF nu 36.63+3.48 33.29+2.87 35.39+3.03 57.75+3.51""
LF/HF 2.56+0.48 2.55+0.36 2.46+0.4 0.92+0.25™

Data were expressed as mean + SE. Statistical analysis was done by paired sample ¢ test. SBE: Slow breathing exercise; SBP: Systolic blood pressure; DBP: Diastolic blood
pressure; TP: Total Power; LF power: Low frequency power; HF power: High frequency power; LFnu: LF power in normalized unit; HFnu: High frequency power in

normalized unit; LF/HF: Low frequency and High frequency power ratio.
***P<0.001,**P<0.01, *P<0.05
* symbol indicates comparison of Post SBE with Pre SBE.

Table 4: Post follow-up values (after 3 months) of HR, BP and power
spectral parameters in different groups.

Parameters Control Non-SBE SBE
(n=24) (n=22) (n=24)

HR (beats/min) 69.83+1.8 90.82+2.2 82.42+2.17##
SBP (mmHg) 117.33+0.75 102.82+1.21 101.25+1.917%
DBP (mmHg) 74.00£1.00 64.36+0.91 63.08+1.79%

TP 2966.37+417.45 504.66+97.09 874.73197.247%*

LF power 878.97£125.06 179.18+33.68 170.76+19.35***

HF power 1248.64+219.5 124.72+28.54 345.27+58.77 "%
LF nu 43.64+2.58 64.94+2.96 37.61+3.2"
HF nu 54.34+2.53 33.29+2.87 57.75+3.51""
LF/HF 0.9+0.1 2.55+0.36 0.92+0.25™

Data were expressed as mean * SE. Statistical analysis was done by independent
sample ¢ test. SBP: Systolic blood pressure; DBP: Diastolic blood pressure; TP:
Total Power; LF power: Low frequency power; HF power: High frequency power;
LFnu: LF power in normalized unit; HFnu: High frequency power in normalized
unit; LF/HF: Low frequency and high frequency power ratio.
*#P<0.001,7*P<0.01, **P<0.001

* symbol indicates comparison with non-SBE;

* symbol indicates comparison with control group.

achieved by SBE. On the other hand, no significant change was observed
in these parameters in the patients those who did not perform SBE which
imply continued autonomic disharmony in absence of intervention.
Though the value of TP, LH power and HF power in SBE group of TDT
patients after 3 months did not reach close to control but LF nu, HF
nu and LF/HF ratio were near to control and there were no significant
difference in these parameters of sympathovagal balance between SBE
group and control. This finding strongly suggested that SBE may help
regain the sympathovagal balance close to healthy control.

Improvement of sympathovagal balance by SBE has been proved in
many other investigations mostly in healthy subjects and also in diseased
condition. They proposed that improvement has been linked to the fact
that SBE improves peripheral oxygen consumption, neuronal oxygen uses
and thus improved autonomic balance. This method causes increased
tidal volume in lungs that trigger the inhibitory reflex by the stretch

receptor located in the wall of this organ and increases parasympathetic
activity. SBE also improves sympathovagal balance by enhancing central
inhibitory rhythm. 202423

CONCLUSION

Based on the results of this study it can be concluded that slow breathing
exercise may improve impaired autonomic function in TDT patients by
increasing parasympathetic while decreasing sympathetic activity with
the autonomic balance more parasympathetic dominance in the TDT
patients.

So, SBE is an effective measure to minimize the risk of cardiovascular
disease in TDT patients. Therefore, SBE can be recommended for
thalassemic patients as a part of complementary medicine to protect
these patients from cardiovascular morbidity.
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