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Abstract 

Background: Previous  studies were focused mainly either on autonomic modulation using heart rate variability 

(HRV) or body composition in the bronchial asthma patients, but our study has correlated  both  HRV and body 

composition  indices in  asthmatic patients. Aim & Objective:To evaluate the possible association of HRV and 
body composition parameters  with  main  spirometric  indices  in newly diagnosed asthmatic  patients & to compare 

these findings with healthy subjects. Methods: Thirty   asthmatic  patients (study group ) and 30 apparently healthy 

subjects (controls) in age group of 20-55 years of both genders  were included.  BMI, waist- hip ratio (WHR)   and  

body fat % were measured. Time  and  frequency  domain  parameters of HRV   were recorded to determine 

sympathetic and parasympathetic autonomic modulations. Forced vital Capacity (FVC),  Forced  expiratory  volume  

at  1st second (FEV1) & FEV1/FVC ratio parameters were recorded.Results: HF ms2 & HF n.u were significantly 

(P<0.001) higher and LF n.u & LF-HF  ratio  were significantly (P<0.001)  lower in asthmatics as compared to 

control. WHR was found to be significantly higher in study group as compared to control (P<0.001). We found a 

negative correlation of LF n.u & LF- HF ratio & positive  correlation  of  HF n.u with FEV1(L), FEV1/FVC %  &  

WHR which  was  not found statistically significant. Conclusion: In our study we observed altered autonomic 

activity with parasympathetic dominance as HF component was higher in asthmatic patients. We also found a 
significant association between WHR and asthma. 
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Introduction 

 

Bronchial   asthma   has become more common in both 

children and adults around the world in recent 

decades,  particularly   because of its early onset. The 

increase in the prevalence of asthma has been 

associated with an increase in atopic sensitization, and 

is paralleled by similar increases in other allergic 

disorders such as eczema and rhinitis. [1] [2] A  report 

estimated that 300 million people worldwide had 

asthma, and projected that this number would increase 
to 400 million by 2025, as countries became more 

urbanized. [3] 
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The exact pathogenesis of bronchial asthma is multi-

factorial. The exaggerated broncho-constriction along 

with hyper-reactivity in bronchial asthma is associated 

with abnormal autonomic nervous system (ANS) 

control. [4] The parasympathetic nerves provide the 

dominant autonomic control of airway smooth muscle. 

They release acetylcholine onto muscarinic receptors, 

causing bronchoconstriction. [5] Studies have indicated 

that altered autonomic control of airway caliber in 

asthma is reflected by parallel changes in heart rate. 
Previous heart rate variability (HRV) studies in 

asthmatic subjects demonstrate predominance of 

parasympathetic drive concomitant with low HRV.[ 6, 

7] which is against the general belief that enhanced 

parasympathetic modulation improves HRV. Other 

studies reported lack of association between bronchial 

asthma  &  ANS .[8, 9]   
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 There are also studies suggesting that obesity 

represents a risk factor for the development of asthma, 

as both conditions are associated with underlying 

inflammatory pathway & thus seems to be associated. 

Increase in body mass index (BMI) values predisposes 

to new asthma development   even  in young  adults 

.[10]  A gender dependent influence has been observed 

with a significant association between body fat & 
asthma in women .[11] Overweight has been associated 

with an increase in inflammatory markers & with an 

imbalance in ANS. [12] 
 In the view of above data and lack of studies,  the   

present  study was designed to investigate HRV and the 

body composition parameters in  newly diagnosed 

asthmatic  patients and to compare these finding with 

healthy subjects. Study was also planned to see the 

possible association of cardiovascular autonomic 

changes using HRV and body composition parameters 

with  patho-physiology of asthma by more elaborate 
and reliable pulmonary function tests. 

 

Material and methods 

After approval from institutional ethical committee on 

human experimentation, this observational   study was 

conducted in the research lab of department of 

Physiology, in collaboration with department of 

pulmonary medicine Subharti medical college and 

associated Chhatrapati Shivaji Subharti hospital, 

Meerut. Informed consent from all the subjects was 

obtained before the start of the study. 

Study Subjects 

The study  group  comprised  of  30 patients of 

bronchial asthma in the age group of 20 to 55 years of 

both genders who were newly diagnosed (not taking 

any medication) with clinical symptoms along with 

positive PFT findings as defined by the American 

Thoracic Society recommendation. [13] Age & sex 

matched 30  apparently  healthy  volunteers  were 

taken as control.  

Exclusion criteria: having history of any other cardio-

respiratory disease, hypertension, neuro-endocrine 

diseases, any psychiatric illness, allergy, atopy,  
urticaria, alcohol  or  any recreational drug and  

smoking in both groups.  

After evaluating the past medical history including the 

bronchial-asthma treatment offered to the patient, all 

volunteers underwent  clinical examination  and  

investigations during the same hours of the day  

preferably between 11 AM-1PM  to avoid 

confounding, effects of circadian rhythm on asthma 

severity & HRV. All the participants were asked to 

report to the research laboratory of the department with 

following instructions:  

a) No eating or drinking 3 to 4 hours prior to the test 

 b) No exercise 12 hours prior to the test.  

c) No caffeine consumption 24 hours prior to the test.  

d) To remove all metal objects.  

Anthropometric and body composition 

measurements 

Height was measured by stadiometer to nearest 1 cm 

and  weight , by weighing machine (Krups) to the 
nearest 1 kg with subjects standing  without shoes and 

wearing light clothes. Circumferences at waist (at the 

level of umbilicus) and hip (at the level of maximum 

extension of hips) were measured with a tape measure 

nearest to 0.1 cm. Participants were asked to lie in the 

supine position for 5 minutes breathing normally in a 

relaxed position. Body mass index, waist-hip ratio 

(WHR), body fat  percentage  (BF%) were measured 

by Multi-frequency impedance technique using Body 

stat QUADSCAN 4000 version 4/10(Isle of Man, UK) 

which employs multi-frequency (5, 50, 100 & 200 
kHz) currents through a tetra polar hand-to-foot 

impedance model.  Care was taken to place the arm 

well apart from the torso and the legs not touching one 

another. 

Assessment of HRV 
Analysis of HRV from ECG recording is an important 

method for assessing cardio-vascular  autonomic  

regulations. After 5 min of supine rest Lead II ECG 

recordings were done (25mm/sec & at voltage at 10 

mm/mV) for 5 min. ECG was taken to record all three 

leads at a sampling frequency of 256Hz to PC and were 
analyzed offline after visual checking of abnormal 

ECG. The data recorded was subjected to time domain 

and frequency domain analysis using the HRV analysis 

software (RMS Polyrite D version 4.0.2). 

Recommendation of Task Force on HRV was 

followed. [14]The time domain parameters included 

was SDNN (standard deviation of the averages of NN 

intervals).Frequency domain analysis was performed 

using non–parametric method of Fast –Fourier 

Transformation. The power frequency spectrum was 

subsequently quantified into standard frequency 

domain measurements as Total power (TP) in ms2, 
Low frequency (LF) component (0.04-0.15 Hz) &High 

frequency (HF) component (0.15-0.4Hz) in normalized 

units (n.u) and power ms2& LF-HF ratio (LF/HF). 

Pulmonary function tests  
Standardized  protocol  of  performing  spirometry was 

followed. Each subject performed 3 trials (with at least 

two reproducible and acceptable maneuvers) of all 

parameters according to the American   Thoracic  

Society recommendation. Pulmonary function tests 

were recorded by Spirodoc (Spiro Pro 6.6 Spirometry 

standard mode, version no.A23-ow-06145). The 
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parameters included were Forced vital Capacity (FVC) 

in L, Forced expiratory volume at 1st second (FEV1)   in  

L  and  FEV1/FVC %  ratio. When the subject coughs 

or did not performed the technique correctly, the turn 

was ignored and repeated. 

 

Statistical Analysis  

Software graph pad Instat 6.07 version and Microsoft 
excel were used for statistical analysis. All values were 

expressed as Mean± SD. Unpaired Student’s t test was 

used to find out the level of significance between the 

two groups. Pearson correlation coefficient (r) was 

used to assess any possible association between the 

variables. A value of P< 0.05  was  considered  

statistically significant. 

 

Results 

 In present study, BMI was within normal range (25.14 

±2.25 & (23.26 ±5.57)   in study and control groups 
respectively. There was no significant difference 

(P>0.05)   in BMI & body fat% between 2 groups. 

However, WHR was found to be significantly higher 

(P<0.001) in asthmatics as compared to control group.  

FVC (L) and FEV1 (L)  were  significantly   (P<0.001) 

lower in asthmatics as compared to control. We  did  

not  find any significant difference in FEV1/FVC %   

between  2 groups. 

In our study we observed altered autonomic activity 

with parasympathetic dominance in asthmatic patients. 
HF component of HRV was significantly higher (P 

<0.001) in asthmatics as compared to controls whether 

measured in absolute or normalized units.  TP (ms2) & 

LF (ms2) were lower in asthmatics but the difference 

was not significant (P >0.05). However, the LF n.u. 

and  LF-HF ratio were significantly  (P<0.001) lower 

in asthmatics as compared to control. SDNN was lower 

in study group but this was statistically insignificant.  

LF n.u. & LF-HF ratio were negatively correlated 

while HF n.u. was positively correlated with FEV1 (L), 

FEV1/FVC % & WHR which were not found 
statistically significant.  

 

Table-1: Body Composition & Spirometry Parameters  in Study group & Control   (n=30) in each group 

Parameters 
       Study group Control  P-value 

Mean±SD Mean±SD 
 

BMI (Kg/m2) 25.14±2.25 23.26±5.57 0.092 

WHR 1.01±0.03 0.96±0.04 <0.001 

BODY FAT% 26.62±8.48 24.16±5.24 0.182 

FVC(L) 2.23±0.69 4.46±0.48 <0.001 

FEV1(L) 1.84±0.71 3.66±0.39 <0.001 

FEV1/FVC (%) 80.43±14.34 82.18±2.09 0.512 

 

 BMI-Body mass index, WHR–waist-hip ratio, FVC- Forced vital capacity, FEV1- Forced expiratory volume at   1st 

second ,  P<0.05 significant   

 

Table-2: HRV   parameters in Study group and  Control  (n=30) in each group 

Parameters 
Study group   Control  P-value 

Mean± SD Mean± SD 
 

TP ms2 852.98±702.37 1086.74±916.18 0.272 

LF ms2 165.31±175.60 195.97±175.04 0.501 

HF ms2 296.23±307.43 111.57±112.31 <0.001 

LF n.u 37.34±8.12 63.67±7.33 <0.001 

HF n.u 62.66±8.12 36.30±7.34 <0.001 

LF-HF ratio 0.62±0.21 1.87±0.61 <0.001 

SDNN(ms) 37.03±13.77 40.69±21.37 0.433 

http://www.ijhcr.com/
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TP-Total power, LF-Low frequency,   HF- High frequency, SDNN-standard deviation of the averages of NN 

intervals ,   P<0.05 significant   

 

Table-3: Correlation of FEV1, FEV1/FVC & WHR with HRV Parameters in Study group 

  

           Parameters  FEV1 FEV1/FVC WHR 

LF n.u 
r- value -.225 -.193 -.181 

p-value .231 .306 .338 

HF n.u 
r- value .225 .193 .181 

p-value .232 .307 .339 

LF-HF RATIO 
r- value -.228 -.181 -.211 

p-value .225 .337 .264 

 

 

Discussion 

The present study was conducted to assess   autonomic 

modulations based on short term HRV indices and 

body composition parameters in newly diagnosed 

asthmatic  patients . The objective of the study was to 

determine whether HRV and body composition 

correlate with the main spirometric indices.  We 

observed parasympathetic dominance as the HF ms2 & 

HF n.u, were significantly (P<0.001) higher in 
asthmatic patients as compared to  control . Our study 

is in accordance with Gupta et al who reported an 

enhanced central vagal tone, as exemplified by as high 

HF index of HRV in asthmatics.  Similar findings were 

also reported by other studies. [15, 16] Conversely, 

some studies were unable to prove  parasympathetic 

dominance in patients with  bronchial asthma . 

We found  that TP ms2 & LF ms2 were  lower in 

asthmatics and  showed no significant (P>0.05) 

difference.  However LF n.u, which reflects the 

fluctuation in sympathetic tone of HRV and   LF-HF 
ratio, a marker of  sympatho-vagal balance,  were  

significantly low  (P<0.01) in the asthmatic patients 

when compared with control group. 

The results of our present study are consistent with 

those observed by Garrard et al. [17] and Pichon et 

al.[18] who also reported low sympathetic activity 

represented by LF n.u. in asthmatics as compared to 

controls. On the contrary, a study reported that there 

was no significant difference in the low frequency band 

amplitude and LF-HF ratio between the controls and 

the asthmatic children. [19] 

In our study SDNN,  which  reflects all cyclic 
components of the variability in RR intervals, was 

lower in case but this was statistically insignificant. 

Kazuma et al  examined the circadian rhythm of 

parasympathetic nervous function in asthmatic children 

and found that SDNN was lowest in the severe asthma 

group.  A study has also documented a circadian 

pattern in the components of HRV, the LF component 

having minimal power and the HF component having 

maximal power during the nocturnal  period .[20]  

Vagal tone increases to the heart at night and and  as 

changes  in cardiac vagal activity reflect changes in 

bronchomotor tone this has led to the hypothesis  that 

vagal activity may be important in the pathogenesis of 

nocturnal asthma .[21]  

In the present study, BMI was within normal range in 

both groups.  There was no significant difference 
(P>0.05)   in BMI & body fat% between 2 groups. 

However, WHR, was found to be significantly higher 

(P<0.001) in asthmatics as compared  to controls . A 

study suggested that obesity and overweight are linked 

with allergic diseases such as rhinitis and asthma, 

probably because of the immunological effects of 

adipose tissue.  

Autonomic nervous system plays a central role in 

modifying energy expenditure and body fat content; 

however, the extent to which the ANS contributes to 

obesity remains uncertain. [22, 23] A disordered 
homeostatic mechanism may promote excessive 

storage of energy which may be promoted by 

decreasing sympathetic activity, while defending 

against weight gain by decreasing parasympathetic 

activity .[24].  

In our study, LF n.u. & LF-HF ratio were negatively 

correlated while HF n.u. was positively correlated with  

FEV1,  FEV1/FVC & WHR and this was not 

statistically significant. Behera et al also found positive 

correlations with the HF component and FEV1, and 

negative correlations with the LF component and peak 

expiratory flow in smokers.[25]  A study reported that 
HF norm correlates negatively and LF norm correlates 

positively with both weight and BMI. In addition 

LF/HF correlates positively with weight but  not BMI  

in healthy subjects. [26]  

Conclusion  

Our study provides the evidence of a relationship 

between WHR and asthma. We observed altered 
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autonomic activity with parasympathetic dominance 

which leads to an imbalance in sympatho-vagal 

interplay an essential feature of bronchial asthma. So, it 

can be stated without reservation from our study, that 

HRV is an absolutely safe and useful non-invasive 

method for assessing autonomic modulation in  

numerous disease states including bronchial  asthma 

which will lead to better symptomatic control and 
reduction in number of asthmatic attacks. We have not 

evaluated gender difference as the sample size was 

small. 

    

References  

1. Wang T, Guan C, McLimont J S, Gershon AS. 

What is the lifetime risk of physician-diagnosed 

asthma in Ontario, Canada? Am J Respir Crit 

Care Med 2010; 181:337-343. 

2. Asher M I, Anderson H R, Stewart A W.et 

al Worldwide variations in the prevalence of 
asthma symptoms: International Study of 

Asthma and Allergies in Childhood 

(ISAAC). Eur Respir J 1998; 12: 315–335. 

3. Masoli M, Fabian D, Holt S, Beasley R. Global 

Initiative for Asthma (GINA) Program: The 

global burden of asthma: executive summary of 

the GINA Dissemination Committee report. 

Allergy 2004; 59(5): 469-478. 

4. Kallenbach JM, Webster T, Dowdeswell R, 

Reinach SG, Millar RN, Zwi S. Reflex heart 

control in asthma Evidence of parasympathetic 
overactivity. Chest 1985; 87(5):  644-648. 

5. Nadel J, Barnes P. Autonomic regulation of the 

airways. Ann. Rev. Med 1984; 35:451–467. 

6. Gupta J, Dube A, Singh V, Gupta RC. Spectral 

analysis of heart rate variability in bronchial 

asthma patients. Indian J. Physiol. Pharmacol 

2012; 56(4): 330-336. 

7. Lutfi MF. Autonomic modulations in patients 

with bronchial asthma based on short-term heart 

rate variability. Lung India 2012; 29 (3):254–

258. 

8. Garcia-Araújo AS, Pires Di Lorenzo VA, 
Labadessa IG, et al. Increased sympathetic 

modulation and decreased response of the heart 

rate variability in controlled asthma. J Asthma 

2014; 31: 1–8. 

9. Cabiddu R, Aletti F, Duarte Souza V, et al. 

Cardiorespiratory coupling during sleep in 

difficult-to-control asthmatic patients. Eng Med 

Biol Soc. 2012;:3652–3655. 

10. Ciprandi G, Pistorio A, Tosca M, Ferraro MF, 

Cirillo I. Body mass index, respiratory function 

and bronchial hyper-reactivity in allergic rhinitis 

and asthma. Respiratory Medicare   2009; 3(2): 

289-295. 

11. Backett WS, Jacobs DR Jr, Yu X, Iribarren C, 

William OD. Asthma is associated with   weight 

gain in females but not males independent of 

physical activity. Am J Respir Critical Care Med 

2001; 164(11): 2045-506. 

12.  Adam M,  Imboden M,  Schaffner E, et al. The 
adverse impact of obesity on heart rate 

variability is modified by a NFE2L2 gene 

variant: International Journal of Cardiology 228 

.2017; 341–346. 

13. American Thoracic Society. Standardization of 

spirometry: 1987 update. Am Rev Respir 

Dis 1987; 136:1285–1298. 

14. Task Force of the European Society of 

Cardiology and the North American Society of 

Pacing and Electrophysiology Heart rate 

variability; Standards of measurements, 
Physiological interpretation and clinical use. 

Circulation 1996; 93: 1043-1065. 

15.  Kazuma N, Shirase E, Matsuoka I, et al. 

Circadian rhythm of parasympathetic nervous 

function in asthmatic children Arerugi. 1998; 

47(12):1248-1251. 

16. Ostrowska –Nawarcyz L, Wronski W, Blaszczyk 

J, Buiczyliko, Nawarcyz T. The heart rate 

variability analysis in youth and children with 

asthma. Pol Merkur Lekarshi 2006; 20(118): 

399-403. 
17. Garrard CS, Seidler A, McAlpine LE, Gordon D. 

Spectral analysis of heart rate variability in 

bronchial asthma. Clin Auton 1992; 2(2): 105-

111. 

18. Pichon A, Bisschop CD, Diaz V, Denjean A. 

Parasympathetic airway response and heart rate 

variability before and at the end of methacholine 

challenge. Chest 2005; 127: 23–29. 

19. Fujii H, Fukutomi O, Inoue R, et al. Autonomic 

regulation after exercise evidenced by spectral 

analysis of heart rate variability in asthmatic 

children. Ann Allergy Asthma Immunol 2000; 
85: 233–237. 

20. Lombardi G,  Sandrone A,  Mortara M T, 

 LaRovere E, et al. Circadian variation of 

spectral indices of heart rate  variability after 

myocardial  infarction Am Heart J  1992 

;123 (6) : 1521-1529. 

21.  Morrison J F,  Pearson S B,  Dean H G. 

Parasympathetic nervous system in nocturnal 

asthma. Br Med J (Clin Res Ed) 1988: 

296 (6634):1427-1429. 

http://www.ijhcr.com/


International Journal of Health and Clinical Research, 2020;3(5):148-153                e-ISSN: 2590-3241, p-ISSN: 2590-325X                         

                                                             

____________________________________________________________________________________________________________________________________________  

 ____________________________________________________________________________________________________________________________________________ 
Salam et al                 International Journal of Health and Clinical Research, 2020; 3(5):148-153 
www.ijhcr.com                              
                    153 

 

22. Vanderlei L, Pastre C, Júnior Ismael Freitas F, 

Fernandes M. Analysis of cardiac autonomic 

modulation in obese and eutrophic children. 

Clinics (Sao Paulo) 2010; 65(8): 789-792. 

23. Guízar J, Ahuatzin R, Amador N, Sánchez G, 

Romer G. Heart autonomic function  in 

overweight adolescents. Indian Pediatrics 2005; 

42(5): 464-469. 
24. Peterson H, Rothschild M, Weinberg C, et al. 

Body fat and the activity of the autonomic 

nervous system. N Engl J Med 1988; 318: 1077-

1083. 

25.  Behera JK, Sood S, Kumar N, Sharma K, 

Mishra R, Roy PS. Heart rate variability and its 

correlation with pulmonary function test of 

smokers. Heart Views 2013; 14: 22-25. 

26. Lutfi MF. Relationship of height weight and 

body mass index to heart rate variability. Sudan 
Med J 2011; 47(1):14-19. 

 

Source of Support:Nil 

Conflict of Interest: Nil 
 

 

 

http://www.ijhcr.com/

