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ABSTRACT  
Introduction and Objectives: Beta thalassemia is a hereditary haemolytic anaemia having overall prevalence 
of 3-4% in India. Appropriate therapy for this disease includes a regular monthly blood transfusion. Cardiac 
complications are the leading cause of death in these patients due to iron overload secondary to lifelong 
blood transfusions. The present study was undertaken to determine the Heart Rate Variability (HRV) in beta 
thalassemia major patients and to compare the mean values of frequency domain indices of heart rate 
variability in study and control group. Material and Methods : Present study was a cross sectional type of 
study and consisted of 50 normal subjects (control group) and 50 patients of beta thalassemia major (study 
group). HRV was recorded in both the groups with Medicaid Physiopac and HRV analysis was done using 
Kubois software version 2.1. Statistical analysis was done using Z test. Results : High frequency (HF) power in 
normalized units was reduced whereas Low frequency (LF) power in normalized units and LF/HF ratio were 
increased in beta thalassemia major patients as compared to control group and difference was found to be 
statistically significant (Z test). Conclusion : The present study shows that there is increased sympathetic 
activity and decreased parasympathetic activity in beta thalassemia major patients as compared to control 
group.  
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INTRODUCTION 

Thalassemia major is severe haemolytic anaemia 
that develops during the first year of life and 
requires life-long transfusion therapy for survival. 
The resultant iron overload causes severe damage 
of many organs [1,2]. A serious consequence of iron 
deposition is cardiotoxicity which is the leading 
cause of death among these patients. A few 
studies have documented initial cardiovascular 
dysfunction even in thalassemia major patients 
without clinical manifestation of heart failure [3,4]. 

The term Heart Rate Variability (HRV) 
conventionally describes the beat to beat 
fluctuations in the heart rate or the variations in 
consecutive R-R intervals. Analysis of HRV is a 
sensitive non-invasive tool for the assessment of 
cardiac autonomic regulation via sympathetic and 
parasympathetic nervous system. HRV analysis 
involves time domain and frequency domain 
parameters. Low frequency (LF) reflects the 
interaction of both sympathetic and 
parasympathetic nervous system whereas high 
frequency (HF) reflects solely the activity of the 

parasympathetic nervous system and LF/HF ratio 
is accepted as an indicator of sympathovagal 
balance [5]. 

Decreased power in the heart rate power 
spectrum is predictive of mortality [6]. In high risk 
patients, a persistent sympathetic activation and a 
reduced vagal tone may determine a marked 
reduction in dynamic complexity of heart rate 
fluctuations that would make heart period less 
adaptable and less able to cope up with the 
requirements of a continuously changing 
environment [7]. Accumulating evidence suggests 
that anemia may be an independent risk factor for 
mortality among patients with heart failure.[8] In 
prospective studies by Kardelen et al [9] and De 
Chiara et al,[10] no evidence of abnormal 
echocardiographic finding was shown in 
thalassemia major patients with reduced HRV. 
Therefore, a significantly reduced HRV could be an 
early indicator of preclinical stage of heart disease 
in thalassemia major patients and thus HRV might 
be used to assess cardiac involvement in them 
due to its easy access and much lower cost [11]. 
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 Thus the present study was designed to 
detect relationship between heart rate variability 
and beta thalassemia major patients receiving 
regular blood transfusion with or without iron 
chelation therapy. 

 

STUDY DESIGN 

The study design involved 100 individuals 
who were divided into two groups of 50 normal 
subjects (control group) and 50 patients of beta 
thalassemia major (study group) receiving regular 
blood transfusions between the age group of 8 to 
20 years involving both, males and females. 
Patients with concomitant sickle cell anaemia or 
with associated congenital or acquired heart 
disease, diabetes mellitus, thyroid disorders or 
any other endocrine disorder or on long term 
medications for any other chronic disease were 
excluded from the study.  
 

MATERIALS AND METHODS 

The present study was a cross sectional 
type of study conducted in the Department of 
Physiology and Department of Paediatric 
Medicine, Grant Government Medical College, 
Mumbai and in the Thalassemia unit of St. George 
Hospital, Mumbai. Before commencement of the 
project, approval was taken from the Institutional 
Ethical Committee. 

Written informed consent was taken 
before the clinical examination of the subject. The 
subjects were asked to refrain from ingesting any 
beverages containing caffeine and alcohol for at 
least 12 hours prior to the study. They were asked 
to report between 10 a.m to 12 p.m. in the 
Physiology lab after an adequate night’s sleep 
followed by light breakfast. The subject was 
allowed to relax on a bed in supine position for 10 
minutes and then ECG recording was done for 5 
minutes in supine position using “Physiopac” by 
“Medicaid”. The recordings of ECG of all subjects 
were done by the same person in order to avoid 
any inter-observer error. Data collected on 
Physiopac was analysed by Kubois software, 
Version 2.1. 
 Statistical analysis of the observations was 
carried out using SPSS software version. The data 

was expressed in terms of mean and standard 
deviation and statistics was determined using Z 
test. Statistical significance was tested at 5% & 
expressed in terms of ‘p’ value with p˂0.05 as 
statistically significant. 
 
RESULTS  

 Comparison of general growth parameters 
between study group and control group is as 
shown in table 1.  The mean Body mass index 
(BMI) was 17.0152±3.2167 and 18.0585±3.7425 
kg/m² in the study and control group respectively. 

Table 1 : General growth parameters 

 Study group 

(MEAN±S.D) 

Control group 

(MEAN±S.D) 

Mean age 

(yrs) 

13.42±4.43 14.84±3.92 

Mean 

height (cm) 

133.45±16.271 148.61±18.052 

Mean 

weight (kg) 

31.05±10.908 41.1±13.892 

Mean BMI 

(kg/m2) 

17.0152±3.2167 18.0585±3.7425 

(BMI – Body mass index) 

 Mean resting heart rate of study and 
control groups was 101.30±11.48 and 83.97±11.48 
beats per minute respectively and the difference 
was statistically significant (Table 2). High 
frequency power in normalized units was lower in 
β thalassemia major patients whereas low 
frequency power in normalized units and LF/HF 
ratio were increased in thalassemics and the 
difference was found to be statistically significant 
(Table 2). 

Table 2 : HRV analysis using Kubois software, 
version 2.1 (mean ± S.D.) &  Statistical analysis 
using ‘Z’ test 

Param

eters 

Study 

group 

(MEAN±

S.D) 

Control 

group 

(MEAN±

S.D) 

P 

value 

Signifi

cance 

HR(/m 101.302 83.9728 <0.000 Statist
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in) ±11.487

54 

6±11.48

754 

1 ically 

signifi

cant 

LF(n.u

.) 

67.288±

9.11132

2 

52.506±

7.37877

3 

<0.000

1 

Statist

ically 

signifi

cant 

HF(n.u

.) 

32.9693

9±9.111

322 

47.3959

2±7.378

773 

<0.000

1 

Statist

ically 

signifi

cant 

LF/HF 

Ratio 

2.28226

5±1.012

221 

1.16287

8±0.349

402 

<0.000

1 

Statist

ically 

signifi

cant 

(HR – heart rate, LF – low frequency, HF – High 
frequency, n.u. – normalised units ) 

DISCUSSION 

The present research was undertaken to study the 
heart rate variability in beta thalassemia major 
patients. In the present study resting heart rate of 
study group was higher than control group and 
the difference was statistically significant. This is 
in accordance with the study done by Lakhotia et 
al[12], who suggested that anaemic patients have 
lower basal parasympathetic outflow resulting in 
the increase in heart rate as a compensatory 
mechanism to hypoxia. Increase in heart rate may 
be also because of increased in sympathetic 
activity as shown by Yokusoglu et al[13]. He 
observed that in patients with iron deficiency 
anaemia the parasympathetic activity decreases, 
whereas sympathetic activity increases and this 
autonomic imbalance lead to altered 
electrophysiological activity of the heart . The 
increase in sympathetic activity is due to the 
decreased levels of haemoglobin leading to 
hypoxia, which is sensed through carotid 
bodies[14]. 
In contrast, Veglio et al [15],observed lower heart 
rates and diminished sympathetic activity in 
anaemic patients with thalassemia major as 
indicated by lower plasma norepinephrine levels 
compared with the control group. Also Spirito et 
al [16] reported that there were no differences in 

heart rates in thalassemia cases when compared 
with controls. 
High frequency power in normalized units was 
significantly reduced in beta thalassemia major 
patients. Low frequency power in normalized 
units and LF/HF ratio, a marker of sympathovagal 
balance were significantly increased in 
thalassemics. Our findings are in accordance with 
the findings of Jyotsna et al who had shown that 
the total power, low frequency and high 
frequency power in absolute terms, high 
frequency power in normalized units were 
significantly reduced in beta thalassemia major 
patients (p value <.001). Low frequency power in 
normalized units and LF/HF ratio were 
significantly increased in thalassemics (p 
value<.001) [17]. 
Our study is also in correlation with the studies 
done by Rutjanaprom et al [18] and Franzoni et al 
[19] who showed that frequency domain HRV 
parameters in the thalassemia major group were 
significantly lower than control groups. It is also 
supported by Kumfu et al [20] who showed that LF ⁄ 
HF ratio in thalassemic mice was higher than 
those in the wild type.  
The HRV findings of this study indicate that 
parasympathetic activity is decreased whereas 
sympathetic activity is increased in the study 
group as compared to control group [5]. Apart 
from chronic anaemia this may also be due to 
transfusional iron overload which may lead to 
deposition of iron in cardiac myocytes and 
myocardial fibrosis causing heterogeneous 
ventricular depolarization leading to abnormal 
excitability of iron loaded heart cells [19].  
Iron overload cardiomyopathy (IOC) results from 
the accumulation of iron in the myocardium, and 
it is the leading cause of death in patients 
receiving chronic blood transfusion therapy [21]. 
Cardiac magnetic resonance T2* (CMR T2*) has 
become a widely used tool for its accurate and 
non-invasive technique to measure iron 
deposition in heart [22]. However its usage is 
currently limited because of its cost and 
availability. Therefore cardiacT2 MRI might not be 
a practical method for early detection of cardiac 
iron status in thalassemia major patients in 
developing countries [23]. 

Serum ferritin has also been used for decades as a 
predictor of iron overload status in clinical 
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practice due to its strong correlation with hepatic 
iron [24,25] , representing an indirect index for 
estimating the total body iron stores. It is 
inexpensive and accessible worldwide. However 
increased level of serum ferritin is not specific to 
iron overload condition since its level can also be 
increased in other conditions such as 
inflammation, collagen diseases, hepatic diseases, 
and malignancy [26]. 
It has been documented that adequate medical 
therapy can reverse IOC when it is diagnosed 
before end-stage heart failure occurs [27]. Thus 
HRV can be used as an alternative approach to 
assess cardiac involvement for early detection of 
IOC. 
CONCLUSION 
Our study showed increased sympathetic activity 
and decreased parasympathetic activity in study 
group as compared to control group and the 
difference was found to be statistically significant. 
This may be because of chronic anaemia and 
cardiac autonomic dysfunction secondary to iron 
overload cardiomyopathy due to repeated blood 
transfusion which remains the main stay of 
treatment in patients of thalassemia major. HRV 
being simple and non-invasive technique could be 
used in screening of beta thalassemia major 
patients for early detection of iron overload 
cardiomyopathy resulting in cardiac autonomic 
dysfunction. 

REFERENCES 

1. Rund D, Rachmilewitz E. Beta-thalassemia. N 
Engl J Med. 2005;353:1135–46. 

2. Martin A, Thompson AA. Thalassemias. 
Pediatr Clin N Am. 2013;60:1383–91. 

3. Zurlo MG, De Stefano, Borgna-Pignatti C, Di 
Palma A, Piga A, Melevendi C, Di gregoroi F, 
Burattini MG, Terzoli S. Survival and causes of 
death in thalassemia major. Lancet. 
1989;2:27-30. 

4. Freeman AP, Giles RW, Berdoukas VA, Walsg 
WF, Choy D, Murray PC. Early left ventricular 
dysfunction and chelation therapy in 
thalassemia major. Ann Intern Med. 
1983;99:450-4. 

5. 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. 
Circulation. 1996;93:1043-1065. 

6. Myers GA, Martin GJ, Magid NM, et al. Power 
spectral analysis of heart rate variability in 
sudden cardiac death: comparison to other 
methods. IEEE Trans Biomed Eng. 
1986;33:1149-65. 

7. Bigger JT Jr, Steinmann RC, Rolnitzky LM, 
Fleiss JL, Albrecht P and Cohen RJ. Power law 
behavior of R-R interval variability in healthy 
middle aged persons, patients with recent 
acute MI and heart transplants. Circulation. 
1996;21:2142-215. 

8. Horwich TB, Fonarow GC, Hamilton MA, 
MacLellan WR, Borenstein J. Anemia is 
associated with worse symptoms, greater 
impairment in functional capacity and a 
significant increase in mortality in patients 
with advanced heart failure. J Am Coll Cardiol. 
2002;39:1780–6. 

9. Kardelen F, Tezcan G, Akcurin G, Ertug H, 
Yesilipek A. Heart rate variability in patients 
with thalassemia major. Pediatr Cardiol. 
2008;29:935-93. 

10. De Chiara B, Crivellaro W, Sara R, Ruffini L, 
Parolini M, Fesslovà V, Carnelli V, Fiorentini C, 
Parodi O. Early detection of cardiac 
dysfunction in thalassemic patients by 
radionuclide angiography and heart rate 
variability analysis. Eur J Haematol. 
2005;74:517-52. 

11. Nut Koonrungsesomboon, Siriporn C 
Chattipakorn, Suthat Fucharoen, Nipon 
Chattipakorn .Early detection of cardiac 
involvement in thalassemia: From bench to 
bedside perspective. World J Cardiol. 
2013;5(8):270-279. 

12.  Lakhotia M, Shah PK, Gupta A, Jain SS, 
Agarwal M, Dadhich S. Clinical assessment of 
autonomic functions in anemics. J Assoc 
Physicians India. 1996;44:534-6. 

13. Yokusoglu M, Nevruz O, Baysan O, Uzun M, 
Demirkol S, Avcu F, Koz C, Cetin T, Hasimi A, 
Ural AU, Isik E. The altered autonomic nervous 
system activity in iron deficiency anemia. 
Tohoku J Exp Med. 2007;212:397-402. 

14. Schultz HD, Sun SY. Chemoreflex function in 
heart failure. Heart Fail Re. 2000;5:45-56. 

15. Veglio F, Melchio R, Rabbia F, Molino P, 
Genova G, Maritini G, Schiavone D, Piga A, 
Chiandussi L. Blood pressure and heart rate in 



Original Article                                                  International Journal of Basic and Applied Physiology 
 
 

Int J Basic Appl Physiol., 9(1), 2020       Page 51 
 

young thalassemia major patients Am Heart J. 
1998;11:539-47. 

16. Spirit P, Lupi G, Melevendi C, Vecchio C. 
Restrictive diastolic abnormalities identified 
by Doppler echocardiography in patients with 
thalassemia major. Circulation. 1990;82:88-
94. 

17. Jyotsna Shukla, R.C. Gupta, Jagdish Singh,  A.K. 
Shukla .Heart rate variability analysis in 
patients with beta thalassemia major. IJBACS 
ISSN. 2012;3:2277-2073. 

18. Rutjanaprom W, Kanlop N, Charoenkwan P, 
Sittiwangkul R, Srichairatanakool S, 
Tantiworawit A, Phrommintikul A, 
Chattipakorn S, Fucharoen S, Chattipakorn N. 
Heart rate variability in beta-thalassemia 
patients. Eur J Haematol. 2009;83:483-489. 

19. Franzoni B, Galetta F, Di Muro C, Biti G, 
Pentimone F, Santoro G. Heart rate variability 
and left ventricular late potentials in beta 
thalassemia major. Haematologica. 
2004;89:233-4. 

20. Kumfu S, Chattipakorn S, Chinda K, Fucharoen 
S, Chattipakorn N. T-type calcium channel 
blockade improves survival and cardiovascular 
function in thalassemic mice. Eur J Haematol. 
2012;88:535-548. 

21. Olivieri NF, Nathan DG, MacMillan JH, Wayne 
AS, Liu PP, McGee A, et al. Survival in 

medically treated patients with homozygous 
b-thalassemia. N Engl J Med. 1994;331:574–8.   

22. Pennell DJ. T2* magnetic resonance and 
myocardial iron in thalassemia. Ann N Y Acad 
Sci. 2005;1054:373-378. 

23. Silvilairat S, Charoenkwan P, Saekho S, 
Tantiworawit A, Phrommintikul A, 
Srichairatanakool S, et al. Heart rate variability 
for early detection of cardiac iron deposition 
in patients with transfusion-dependent 
thalassemia. PLoS One. 2016;11(10). 

24. Brittenham GM. Iron-chelating therapy for 
transfusional iron overload. N Engl J Med. 
2011;364:146-156. 

25. Olivieri NF, Brittenham GM, Matsui D, 
Berkovitch M, Blendis LM, Cameron RG, 
McClelland RA, Liu PP, Templeton DM, Koren 
G. Iron-chelation therapy with oral 
deferipronein patients with thalassemia 
major. N Engl J Med. 1995;332:918-922. 

26. Piperno A. Classification and diagnosis of iron 
overload. Haematologica. 1998;83:447-455. 

27. Hahalis G, Alexopoulos D, Kremastinos DT, 
Zoumbos NC. Heart failure in beta-
thalassemia syndromes: a decade of progress. 
Am J Med 2005;118:957–67. 

Disclosure: There was no conflict of interest. 

 

 


