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Abstract

Introduction

Parkinson’s disease (PD) is the most common neurodegenerative 
disorder perceived as a disease of the motor system.[1] Though 
nonmotor manifestations of PD are now receiving increased 
attention, the diagnosis of the condition is still based on the 
motor signs (such as rigidity, akinesia, and resting tremors).

Autonomic nervous system (ANS) dysfunction is common in 
PD, affecting 70%–80% of patients and causing significant 
morbidity and discomfort. As proposed by Braak, the 
alpha synuclein deposition and neurodegeneration in 
respiratory‑related neurons in the pons and medulla oblongata 
have a detrimental impact on respiration,[2] involving impaired 
ventilation, weakness of respiratory muscles, leading to 
hypophonia and swallowing disorders.[2‑4]

The dysautonomia in these patients results in affecting other 
systems as well as reported in the gastrointestinal system, 
cardiovascular system, sexual behavior, and bladder function.[5] 
However, any impairment in pulmonary function has not 
been clinically manifested due to the sedentary lifestyle of 
the patients though many studies have been reported that 
have used an effort‑  dependent technique  (Spirometry) to 
assess pulmonary function and have observed changes in lung 
volumes in these patients such as airflow limitation, restrictive 
pattern or mixed pattern, upper airway dysfunction, and 
diminished strength of respiratory muscles.[6‑10]

Breathing involves a complex interaction between the 
central autonomic network  (CAN) and respiratory neuron 
network (RNN).[11] Both RNN and CAN interact harmoniously 

to regulate the contraction of respiratory muscle, ensuring 
that normal blood gas levels are maintained during speech, 
volitional breathing, and ventilatory load. Additionally, 
dispersed network of the forebrain region may regulate the 
influences on baroreflex and chemoreflex via reciprocal 
projections within the brainstem and exert modulatory 
influences on cardiovascular autonomic function.[12]

Even though obstructive patterns have been observed in 
patients with Parkinson’s disease, it is not clear whether it 
is due to the weakness of musculoskeletal elements or due 
to changes in the airway resistance or both. To the best of 
our knowledge, any association of airway resistance with 
heart rate variability (HRV) has not been reported in patients 
with Parkinson’s disease. Therefore, we postulate that the 
abnormality in the autonomic tone in PD patients might be 
reflected by a parallel change in the airway caliber.
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Methods

Study design
This was an observational cross‑sectional study assessing the 
correlation of dysautonomia in PD with respiratory impedance. 
Patients were selected based on inclusion and exclusion criteria 
after clinical diagnosis from neurology outpatient department 
from a tertiary care hospital. The study protocol was approved 
by the Institute Ethics committee (Ref no: RT‑3/22.07.2015). 
A written informed consent was taken from all the patients.

Participants
Thirty patients with Parkinson’s disease participated in the 
study. PD was diagnosed according to the United Kingdom 
brain bank criteria.[13] Clinically diagnosed PD patients 
having H‑Y stage from I to IV, both male and female with 
ages ranging from 40 to 70 years were included in the study. 
All patients were nonsmokers. Patients with a history of lung 
or cardiovascular disease affecting pulmonary function and 
those unable to perform pulmonary function test (PFT) due 
to anatomical abnormalities were excluded. Patients on any 
medication affecting sympathetic/parasympathetic nervous 
system were noted. Demographic features such as age, sex, 
height, and weight were noted. Disease characteristics like 
time since onset of symptoms and severity  (evaluated by 
Hoehn‑Yahr scale) were recorded. The patients were divided 
into two groups based on the Hoehn‑Yahr scale (stage I and 
stage II) [Table 1].

Study procedure
The patients were made to rest in the supine position for 15 min 
after taking a brief history, and heart rate variability (HRV) 
was recorded (Lead II ECG) for 5 min. PFT was performed 
using spirometry (Medisoft Spiroair) and impulse oscillometry 
system  (IOS‑Jaeger). HRV measurement was followed by 
IOS and spirometry with a break of 5 min after each session 
on the same day. The patients were asked to wear loose and 
comfortable clothing and also to avoid food preceding 2 h of 
testing. Room temperature was maintained at 24°C, and the 
patients were instructed to close their eyes and to avoid talking, 
moving, coughing, or sleeping during HRV recording. Lead 
II ECG was recorded using the bio‑potential amplifier with 
help of shielded cables and disposable Ag‑AgCl electrodes. 
Sampling rates for acquiring ECG signals were 200 Hz with 
a scaling of 100 mmHg/V.

For the pulmonary function test (PFT), the patients were given 
instructions and demonstrations before the test. Trial sessions 
were held to get familiarized with the instrument. Volume and 
pressure calibration for Spirometry and IOS was performed 
using a 3‑L syringe and a known resistance of 0.2 kPa/L/s, 
respectively.

Heart rate variability
As per the guidelines of Task Force (1996) at least 5 min of ECG 
was recorded to quantify sympathetic and parasympathetic tone. 
HRV was calculated from the recorded ECG using Labchart Pro 
7 ® and nevrokard software. ECG signals were continuously 
amplified, digitized, and stored in the computer for analysis. The 
R‑wave was detected by the software and was plotted against 
time. Analysis of time‑domain parameters included Standard 
deviation of differences between adjacent NN intervals (SDSD) 
and The square root of the mean of the sum of the squares of 
differences between adjacent NN intervals  (RMSSD), which 
primarily reflects parasympathetic activity. Frequency domain 
parameters were analyzed by Fast Fourier Transform  (FFT) 
and included Low Frequency  (LF, 0.04–0.15  Hz), High 
Frequency (HF, 0.15–0.4 Hz), and Total Power (TP, 0–0.4 Hz). 
Low Frequency corresponds mainly to sympathetic along with 
some contribution of parasympathetic activity, High Frequency 
corresponds to parasympathetic activity, and Total Power 
expresses the magnitude of the HRV in a global manner.

Impulse oscillometry
IOS is a noninvasive and effort‑independent technique. After 
the explanation of the procedure, the patients were asked to 
sit comfortably without legs crossed and with a nose clip. 
The were asked to support their cheeks with hands to prevent 
shunting of impulses, followed by normal tidal breathing in a 
relaxed state for at least 30–45 s during which around 120–150 
sound impulses/pressure oscillations were pushed into the lungs 
from which different parameters were calculated. Oscillating 
sound waves of frequencies ranging between 5 Hz and 35 Hz 
generated by an external loudspeaker travel superimposed upon 
the normal tidal breathing through the large and small airways. 
Lower frequencies (<15 Hz) travel deeper into the lung and 
distal airways, whereas higher frequencies (>20 Hz) die off at 
proximal or large airways. Resistance and Reactance at 5 Hz 
and 20 Hz are denoted as R5, R20, and X5, X20, respectively. 
Therefore, resistance at lower frequency i.e., 5 Hz (R5) gives 
information about the total respiratory system, and resistance 
at higher frequency i.e., 20 Hz  (R20) provides information 
about central airways, and the difference between R5 and 
R20 (R5‑R20) reflects peripheral/small airways.[14] Resistance 
is the in‑phase component of respiratory impedance that 
reflects forward pressure of conducting airways, whereas 
reactance is the out of phase component reflecting capacitive 
and inertive properties of airways.[15] Coherence has a value 
between 0 and 1 reflecting reproducibility of measurements 
and for accurate testing coherence at 5 Hz should be >0.8 cm 
H2O and at 20 Hz coherence should be between (0.9 and 1).[14] 
An average of 3–4 technically acceptable recordings were 
taken for calculations.

Table 1: Demographic details of patients

Patients

Total patients n=25 Stage I 
n=7

Stage II 
n=7

Severity of PD H‑Y Stage I, II, III, IV H‑Y Stage I H‑Y Stage II
Age (yrs) 60.1±9.45 55.2±8.15 59.71±9.89
Height (cm) 164.5±6.80 166±3.91 163±5.85
Weight (kg) 64.3±12.2 67±14.3 60.57±11.70
BMI (Kg/m2) 23.5±3.93 24.40±5.39 22.48±3.73
Data has been represented as mean±SD
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Software for signal analysis
Offline analysis of ECG signals was done using signal 
acquisition and analysis software Labchart Pro 7 ®  (AD 
instruments, Australia) nevrokard software. IOS and 
Spirometry parameters were analyzed using JLAB and 
Medisoft software, respectively, installed in the instrument 
provided by the manufacturer.

Statistical analysis
Each parameter was tested for distribution of the data based 
on standard normality tests  (D’ Agostino‑Pearson omnibus 
normality test and Shapiro‑Wilk test). Dependent variables 
were parameters of HRV and parameters of IOS. Two 
group comparisons were done using unpaired t‑test and 
Mann–Whitney U test, as appropriate. To study the relationship 
between HRV and IOS techniques, Pearson’s correlation was 
used. The level of statistical significance was set at P < 0.05. 
All statistical analyses were performed using GraphPad Prism 
version 5.00 for Windows (GraphPad Software, Inc., USA).

Results

Overall 30 patients with Parkinson’s disease participated in 
the study [Table 1]. All patients were on medication during 
the recording. The data of 25  patients were analyzed after 
removing artifacts. The data were stratified based on disease 
severity. There was a significant decrease in SDSD (P = 0.04), 
RMSSD (P = 0.04), and total power (0.04), and an increase 
in parameters of IOS (data published elsewhere) in stage II 
as compared to stage I [Table 2]. Resistance at 20 Hz (R20) 
was found to be positively correlated with SDSD (P = 0.04), 
RMSSD (P = 0.04), and HF (P = 0.03) [Table 3].

Discussion

In the present study, we found a significant decrease in total 
power encompassing very low frequency, low frequency, and 
high frequency. Our results are in accordance with the other 
authors who have reported similar findings with a decrease in 
total power or decrease in all spectral bands[7,17] in the group 
with higher H‑Y in comparison with the group with a lower 
H‑Y stage. Harnod et  al.,[18] reported a significant change 
in HRV parameters only with disease duration and not with 
severity of the disease because in this particular study, groups 
were divided according to the severity assessed by Unified 
Parkinson’s Disease Rating Scale  (UPDRS) and not H‑Y 
staging which is used in the present study.

The short‑term HRV examination is sufficiently sensitive for 
evaluation of the progression of autonomic dysfunction in PD. 
The lower cardiac autonomic tone has been attributed to either 
central or peripheral autonomic regulatory impairment, with 
the presence of Lewy bodies in the dorsal motor nucleus of 
vagus as well as sympathetic and parasympathetic ganglion.[2]

On assessing the pulmonary function, we found a significant 
increase in the total impedance of the system with increasing 
severity of the disease, but there was no change in Spirometric 

indices.[16] To the best of our knowledge, this has been the first 
study to report changes in airway impedance with disease 
progression in PD. However, increased airway resistance 
as measured by body plethysmography has been reported 
earlier.[19] Previous studies have also observed reductions 
in lung volumes with obstructive, specifically upper 
airway obstruction[6,7] and/or restrictive patterns, indicating 
compromised ventilation.[1,20] This pulmonary dysfunction is 
aggravated by the bradykinetic disorganization of movements 
of respiratory‑related muscles, rigidity of chest wall, damaged 
airway, and muscle weakness leading to decreased pulmonary 
compliance and increased resistance to airflow.[19,21‑23]

As was speculated by authors that the pulmonary dysfunction 
in PD patients might be due to the involvement of the 
autonomic nervous system, predominantly increase in 
parasympathetic activity.[24] In accordance with that, we 
found a positive correlation of R20  (Resistance at 20  Hz) 
i.e., proximal resistance with SDSD, RMSSD, HF (reflecting 
parasympathetic activity).

The variability of heart rate is generally assessed by examining 
the distributions in the temporal and frequency domains.[25] 
Those oscillations that take place at respiratory frequency 
are the main component of spontaneous variability in heart 
rate called as respiratory sinus arrhythmia (RSA).[26] Due to 
this RSA, the power spectral density has a peak at respiratory 
frequency, referred to as the “high‑frequency component of the 

Table 2: Parameters of HRV and IOS in stage I and 
stage II

Stage I (n=7) Stage II (n=7) P
SDSD (ms) 12.22 (13.95-11.30) 6.60 (10.18-6.01) 0.04*
RMSSD (ms) 12.20 (13.93-11.28) 6.59 (10.17-5.50) 0.04*
TP (ms) 771.3 (799.0-643.6) 315.8 (506.3-120.7) 0.04*
LF (ms) 106.7 (357.3-62.20) 83.40 (137.5-19.31) 0.12
HF (ms) 76.06 (101.7-16.95) 29.05 (32.43-12.01) 0.16
R5# (kPa/l/s) 0.32 (0.36-0.28) 0.47 (0.60––v0.36) 0.04*
X5# (kPa/l/s) ‑0.13 (‑0.10)-(‑0.16) ‑0.13 (‑0.11)-(‑0.29) 0.94
R20# (kPa/l/s) 0.25 (0.28-0.20) 0.30 (0.40-0.25) 0.04*
Ax# (kPa/l) 0.67 (0.84‑0.22) 0.66 (2.50‑0.41) 0.70
Fres# (Hz) 17.27 (19.49‑16.10) 17.41 (24.04‑16.39) 0.43
Z5# (kPa/l/s) 0.35 (0.38‑0.32) 0.49 (0.66‑0.38) 0.07
Data have been represented as median (interquartile range). The level of 
significance is denoted by an asterisk (*) at 5%. # published data[16]

Table 3: Correlation of HRV and IOS parameters in PD 
patients  (n=25)

R5 
(kPa/l/s)

R20 
(kPa/l/s)

X5 
(kPa/l/s)

Ax 
(kPa/l)

Fres 
(Hz)

SDSD (ms) 0.27 0.40* ‑0.14 0.034 ‑0.222
RMSSD (ms) 0.27 0.40* ‑0.14 0.035 ‑0.221
TP (ms) 0.07 0.19 ‑0.15 ‑0.09 ‑0.23
LF (ms) 0.05 0.15 ‑0.18 ‑0.06 ‑0.21
HF (ms) 0.21 0.41 * 0.02 ‑0.13 ‑0.13
Level of significance is denoted by asterisk (*) at 5%.
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power spectral density (range 0.15 to 0.4 Hz).”[27] There exists 
a reciprocally coupled relationship between the cardiovascular 
and respiratory systems, this mutual coupling results in an 
increase in the variability of the oscillator’s frequencies 
allowing them to adapt and respond to external perturbations 
as well as to evolve complex patterns of activity.[28]

Changes in respiratory rate or tidal volume lead to changes in the 
RSA magnitude i.e., an increase in the respiratory volume and/or 
cycle results in an increase in the RSA amplitude independently 
of vagal tone[29‑31] which would eventually be reflected in the 
high‑frequency component of HRV when measured.

Based on the relevant literature, there are two possible 
mechanisms at play. The direct pathway (central mechanism) 
that mediates the activation or inactivation of neurons in 
cardioinhibitory center which reflects the spreading of neural 
activity from the respiratory to the cardio‑inhibitory centers.[32] 
Also, during breathing various respiratory and cardiovascular 
parameters like venous return, intrathoracic pressure, pH, 
systemic blood pressure, partial pressure of blood gases – pCO2 
and pO2, etc., oscillate at the rhythm of breathing,[33] and 
these oscillations have a great potential to relay to RSA via 
reflex mechanism creating indirect pathways  (peripheral 
mechanisms of RSA).[31,32] Animal models of PD have also 
reported pulmonary dysfunction attributing to both central 
and peripheral processes, including neurodegeneration of 
respiratory‑related neurons and abnormal accumulation of 
collagen in the alveolar septum and airways.[34]

As described, the core symptoms of PD patients include 
rigidity and bradykinesia that results in slow, inflexible, 
gawky, and unco‑ordinated movements, which weakens the 
tone, contractility, and co‑ordination of thoracic musculature. 
As a consequence of which, the respiratory mechanics and 
pulmonary function are affected. Now this decrease in the 
force of the respiratory muscle and/or increase in the resistance 
of the airways may lead to an increase in compensation 
of central respiratory driving force to maintain sufficient 
physiological ventilation,[35] which might be seen to be 
reflected in the positive correlation of proximal resistance with 
parasympathetic components of HRV.

Though the variability in the heart rate of PD patients is 
lowered to a large extent as compared to their age‑matched 
healthy controls. Nevertheless, as suggested by the data, we 
could say that amongst the PD population, any alteration 
in the parasympathetic domain  (i.e.  responsible for 
bronchoconstriction) due to dysautonomia might be reflected 
in the airway caliber of these patients.
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