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Introduction: Chronic obstructive pulmonary disease (COPD) is recognized as a multisystemic 

inflammatory disease associated with extrapulmonary comorbidities, including respiratory 

muscle weakness and cardiovascular and cardiac autonomic regulation disorders. We investi-

gated whether alterations in respiratory muscle strength (RMS) would affect cardiac autonomic 

modulation in COPD patients. 

Methods: This study was a cross-sectional study done in ten COPD patients affected by 

moderate to very severe disease. The heart rate variability (HRV) signal was recorded using a 

Polar cardiofrequencimeter at rest in the sitting position (10 minutes) and during a respiratory 

sinus arrhythmia maneuver (RSA-M; 4 minutes). Linear analysis in the time and frequency 

domains and nonlinear analysis were performed on the recorded signals. RMS was assessed 

using a digital manometer, which provided the maximum inspiratory pressure (Pimax) and the 

maximum expiratory pressure (Pemax). 

Results: During the RSA-M, patients presented an HRV power increase in the low-frequency 

band (LFnu) (46.9±23.7 vs 75.8±27.2; P=0.01) and a decrease in the high-frequency band 

(HFnu) (52.8±23.5 vs 24.0±27.0; P=0.01) when compared to the resting condition. Significant 

associations were found between RMS and HRV spectral indices: Pimax and LFnu (r=-0.74; 

P=0.01); Pimax and HFnu (r=0.74; P=0.01); Pemax and LFnu (r=-0.66; P=0.01); Pemax and 

HFnu (r=0.66; P=0.03); between Pemax and sample entropy (r=0.83; P,0.01) and between 

Pemax and approximate entropy (r=0.74; P=0.01). Using a linear regression model, we found 

that Pimax explained 44% of LFnu behavior during the RSA-M. 

Conclusion: COPD patients with impaired RMS presented altered cardiac autonomic control, 

characterized by marked sympathetic modulation and a reduced parasympathetic response; 

reduced HRV complexity was observed during the RSA-M.
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Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by persistent and 

progressive airflow limitation resulting from abnormal inflammatory response of the 

airways and lungs to noxious particles inhalation.1 Apart from inducing lung damage, 

COPD is recognized as a multisystemic inflammatory disease associated with extra-

pulmonary comorbidities that can substantially affect the disease prognosis.1,2 The 

prevalence of comorbidities in COPD patients ranges between 65% and 81%,2 and 

they represent the primary causes of death in more than 60% of COPD patients.3 

Specifically, the prevalence of cardiovascular disorders in COPD patients is ~40%;2 

such disorders are directly associated with cardiac autonomic regulation.4,5
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The integration of the cardiovascular, respiratory, and 

muscular systems constitutes a complex and sophisticated 

mechanism of energy generation6 in which the cardiovascular 

system activity, aiming at organic homeostasis preservation, 

is controlled by the autonomous nervous system (ANS).7 

However, cardiorespiratory disorders, such as COPD, can 

induce changes in the sympathovagal balance, which can 

result in detrimental alterations in the ANS functioning of 

these patients.5 The heart rate variability (HRV) analysis is 

an important tool for the assessment of the ANS behavior,8 

used to determine pathological conditions and investigate 

physiological modifications, which can be associated with 

physical exercise performance.6,8

Reduced HRV is associated with increased morbidity 

and mortality in COPD patients,4,5 and this has led various 

researchers to investigate the ANS behavior during respira-

tory maneuvers, position changes, and pharmacological 

blockade.9 It is widely known that in COPD patients the 

HRV is reduced, and postural adjustments, which induce a 

predominantly sympathetic stimulation, are also impaired. 

However, the number of studies that evaluated the parasym-

pathetic component is scarce.10

The heart rate (HR) follows an oscillatory pattern synchro-

nized with the respiratory cycle; this phenomenon is known 

as respiratory sinus arrhythmia (RSA). During inspiration, 

HR increases mainly due to the vagal withdrawal effect on 

the sinus node, while, during expiration, parasympathetic 

activity is regulated and HR decreases. RSA significantly 

decreases the sympathovagal balance, markedly increasing 

vagal modulation on the sinus node.11

Recent studies investigated the relationship between 

respiratory muscle strength (RMS) and HRV in COPD 

patients and showed that respiratory muscle weakness can 

modify the HRV. However, this alteration still needs to be 

quantified; this could lead to an improvement of therapeutic 

treatment in pulmonary rehabilitation programs.12,13 Starting 

from this evidence, we investigated if alterations in RMS may 

affect cardiac autonomic modulation in COPD patients. We 

hypothesized that respiratory muscle weakness negatively 

affects HRV at rest and during an RSA maneuver (RSA-M) 

in COPD patients.

Methods
study design
We performed a cross-sectional case study on a convenience 

nonprobability sample; the study was conducted within Santa 

Cruz Hospital’s Pulmonary Rehabilitation Program (Santa 

Cruz do Sul, RS, Brazil). The study was approved by the 

Research Ethics Committee of the University of Santa Cruz 

do Sul, protocol number 1.100.926, and all volunteers signed 

an informed consent statement prior to participation.

subjects
Ten patients with a clinical diagnosis of COPD, confirmed 

by pulmonary function test, participating in a pulmonary 

rehabilitation program and without disease exacerbation 

for at least 30 days were included in the study. Patients with 

complex cardiac arrhythmias, unstable angina, uncontrolled 

systemic arterial hypertension, or myocardial ischemia were 

excluded from the study.

Measurements
Patients were evaluated in a laboratory at a temperature of 

22°C and relative humidity between 50% and 60%. They 

were instructed to avoid stimulants and alcoholic drinks and 

not to perform exhausting physical exercise the day before 

the test; they were also instructed not to smoke or use bron-

chodilators for 6 hours before the test. Baseline variables, 

including systolic arterial pressure, diastolic arterial pressure, 

HR, respiratory frequency, and peripheral oxygen saturation, 

were measured. Clinical data including sex, age, body mass 

index, ethnicity, COPD stage,³ and smoking status were 

also collected.

Pulmonary function
Pulmonary function was assessed using a digital spirometer 

(Microloop®, MK8, Care Fusion, Hoechberg, Germany), which 

provided measures of the slow vital capacity, the forced vital 

capacity (FVC), the forced expiratory volume in 1 second 

(FEV
1
), and the FEV

1
/FVC ratio. Spirometry was performed 

according to the recommendations of the American Thoracic 

Society,14 and the results were analyzed according to the values 

predicted by Pereira et al.15 The classification of severity of air-

flow limitation in COPD was performed according to the Global 

Initiative for Chronic Obstructive Lung Disease (GOLD) 

recommendations1 and patients were classified as moderate 

(GOLD II), severe (GOLD III), or very severe (GOLD IV).

respiratory muscle strength 
RMS was assessed using a digital manometer (MDI®, 

MVD300, Porto Alegre, Brazil), which provided measures of 

the maximum inspiratory pressure (Pimax) and the maximum 

expiratory pressure (Pemax). The assessment was performed 

according to the recommendations for the Brazilian popu-

lation. The Pimax followed by Pemax was obtained from 

residual volume and total lung capacity; during the maneuver, 

the subjects remained seated, wearing nose clips and with 

a rigid, plastic flanged mouthpiece in place.16 The values 
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were then compared with those described in literature and 

expressed as percentage of predicted values.16

heart rate variability
HR and RR intervals were recorded using a telemetric 

cardiac monitor (Polar® S810i, Kempele, Finland) at rest 

(10 minutes) and during an RSA-M (4 minutes). Recorded 

signals contained at least 256 points.17 An elastic band (Polar 

T31 transmissor) was placed around the patient’s thorax at 

the level of the lower third of the sternum while the patient 

was in sitting position, and signals were continuously trans-

mitted to the receiving unit by an electromagnetic field. 

Recorded data were then transferred to the Kubios HRV® 

analysis software (version 2.2, Matlab Kuopio, Finland) for 

subsequent analysis.

For HRV recording during the RSA-M, subjects were 

instructed to perform a series of deep and slow inspirations 

and expirations, with a pulmonary volume that varied from 

the total lung capacity (maximal inspiration) to the residual 

volume (maximal expiration); each respiratory cycle was 

performed in 10 seconds, with a 5-second inspiration and 

a 5-second expiration, resulting in five to six respiratory 

cycles per minute.18

Frequency domain, time domain, and nonlinear analysis 

were performed on signals recorded at rest and during the 

RSA-M. Time domain analysis provided mean RR, standard 

deviation (SD) RR, mean HR, SD HR, the square root of the 

mean-squared differences of successive HR and RR intervals, 

and the RR tri-index. Spectral analysis provided the HRV 

signal power in the low-frequency (LF) and in the high-

frequency (HF) bands, expressed in normalized units (nu), and 

the LF/HF ratio. Nonlinear analysis provided the approximate 

entropy (ApEn) and the sample entropy (SampEn) indices.

statistical analysis
Data were analyzed using the Sigmaplot® statistical pack-

age (version 11.0, Systat Software Inc., San Jose, CA, 

USA). The results were analyzed for normality through the 

Shapiro–Wilk test and presented descriptively as mean and 

standard deviation (parametric) or as median and minimum 

and maximum interval (nonparametric). To reject the null 

hypothesis, the Student’s t-test was used for parametric 

data and the Mann–Whitney test was used for nonparamet-

ric data. Spearman’s correlation analysis was performed 

to investigate the correlations between variables. A linear 

regression model was used to determine the RMS effect on 

the HRV. Residuals were evaluated under the assumptions 

of normality, constant variance, and independence. P#0.05 

was considered significant.

Results
A total of 12 COPD patients were recruited; two patients who 

presented arrhythmias were excluded during the screening 

phase. Clinical characteristics of patients included in the 

study are listed in Table 1. Data are in line with others found 

in literature, with the exception of the number of COPD 

patients with obesity.

Spectral and complexity HRV indices were significantly 

different between the resting condition and the RSA-M 

(Table 2). Our results showed that the RSA-M did not modify 

the time domain of HRV parameters (P.0.05). However, 

in the frequency domain, interestingly, the LF power and 

the LF/HF ratio increased (P=0.01), while the HF power 

decreased (P=0.01). This behavior suggests a sympathovagal 

modulation contrary to what is expected during the RSA-M. 

Moreover, ApEn and SampEn significantly decreased, indi-

cating an HRV complexity decrease during the RSA-M.

Figure 1 shows the correlations between RMS and HRV. 

Moderate-to-strong correlations were found between Pimax 

and spectral HRV index and between Pemax and spectral 

HRV index during the RSA-M (P,0.05).

Table 1 COPD patients’ clinical characteristics

Variables COPD (n=10)

age (years) 61.2±6.7
Males, n (%) 8 (80)
Caucasian, n (%) 10 (100)
BMI (kg/m2) 25.6±4.8
BMI classification

Underweight, n (%) 4 (40)
eutrophic, n (%) 2 (20)
Obese, n (%) 4 (40)

smoking status
ex-smoker, n (%) 9 (90)
Current smoker, n (%) 1 (10)
Cigarettes/year 7,665.0±3,101.9

Pimax (cm h2O) -72.1±30.8
Pimax (% predicted)a 63.3±27.5
Pemax (cm h2O) 110.4±33.9
Pemax (% predicted)a 91.1±26.6
sVC (l/s) 0.9±0.4
FeV1 (l/s) 0.9±0.4
FeV1 (% predicted)b 31.9±13.6
FeV1/FVC (l/s) 46.5±11.6
FeV1/FVC (% predicted)b 58.7±15.4
staging (gOlD)

stage II, n (%) 2 (20)
stage III, n (%) 3 (30)
stage IV, n (%) 5 (50)

Notes: Data are presented as mean ± standard deviation and n (%). a% of values 
predicted by neder et al.16 b% of values predicted by Pereira et al.15 
Abbreviations: COPD, chronic obstructive pulmonary disease; BMI, body mass 
index; Pimax, maximum inspiratory pressure; Pemax, maximum expiratory pressure; 
sVC, slow vital capacity; FeV1, forced expiratory volume in 1 second; FeV1/FVC, 
ratio between FeV1 and forced vital capacity; gOlD, global Initiative for Chronic 
Obstructive lung Disease.
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Table 2 hrV indices at rest and during the rsa maneuver

Variables COPD, n=10

Rest Respiratory sinus arrhythmia maneuver P-value

rF (rpm) 19.4±2.3 – –
I/e – 1.1±0.1 –

∆I/e – 12.9±6.8 –
Mean rr (ms)* 714.4 (609.0–1,073.0) 699.1 (553.0–808.0) 0.57
sD rr (ms)* 16.0 (7.4–38.2) 30.3 (11.6–89.3) 0.08
Mean hr (1/min) 82.4±14.5 87.7±12.0 0.38
sD hr (1/min)* 2.5 (0.9–4.8) 4.8 (1.0–9.0) 0.06
rMssD (ms)* 20.8 (5.5–43.7) 19.5 (9.8–70.2) 0.42
rr tri-index 5.0±2.9 8.6±5.4 0.07
lF (nu)* 46.2 (12.9–72.8) 88.7 (27.4–97.6) 0.01
hF (nu)* 53.5 (26.8–86.2) 11.2 (2.3–72.0) 0.01
lF/hF* 0.9 (0.1–2.7) 9.0 (0.3–42.2) 0.01
apen* 1.0 (0.8–1.1) 0.8 (0.6–1.1) 0.03
sampen 1.6±0.3 1.0±0.2 ,0.01

Notes: Data are presented as mean ± standard deviation or as median and (interquartile range). student’s t-test was used for parametric data and the *Mann–Whitney test 
was used for nonparametric data. Significance level: P#0.05.
Abbreviations: hrV, heart rate variability; rF, respiratory frequency; I/e, ratio between the average of the highest r–r interval values during expiration and the average 
of the lowest r–r interval values during inspiration, during the rsa-M; ∆I/e, difference between the average of the highest r–r interval values during expiration and the 
average of the lowest r–r interval values during inspiration, during the rsa-M; Mean rr, mean r–r interval; sD rr, r–r interval standard deviation; Mean hr, mean heart 
rate; sD hr, heart rate standard deviation; rMssD, square root of the mean-squared differences of successive ir–r; rr tri-index, hrV triangular index; lF, power in the 
low-frequency band; hF, power in the high-frequency band; nu, normalized units; lF/hF, ratio between lF power and hF power; apen, approximate entropy; sampen, sample 
entropy; rsa-M, respiratory sinus arrhythmia maneuver.

Figure 1 Moderate-to-strong correlations were found between Pimax and Pemax, and spectral hrV indices during the rsa-M. 
Notes: (A) negative correlation between lF (nu) and Pimax (cm h2O); (B) negative correlation between lF (nu) and Pemax (cm h2O); (C) positive correlation between hF 
(nu) and Pimax (cm h2O); (D) Positive correlation between hF (nu) and Pemax (cm h2O). The Spearman’s correlation analysis was performed. Significance level: P#0.05. 
Abbreviations: hrV, heart rate variability; rsa-M, respiratory sinus arrhythmia maneuver; hF, power in the high-frequency band; lF, power in the low-frequency band; 
Pimax, maximum inspiratory pressure; Pemax, maximum expiratory pressure; nu, normalized units; cm h2O, centimeters of water.
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Strong correlations were also observed between HRV 

complexity indices (ApEn and SampEn) and Pemax during 

the RSA-M, as shown in Figure 2. A simple linear regression 

model was applied and the results are listed in Table 3. We 

found that, during the RSA-M, isolated Pimax explained 

44% of LFnu behavior.

Discussion
The primary finding of this study was that patients affected 

with COPD presented increased parasympathetic activity at 

rest in the sitting position when compared to the RSA-M. How-

ever, during the RSA-M, COPD patients presented enhanced 

sympathetic response and reduced parasympathetic tone, with 

an HRV complexity reduction. Finally, moderate-to-strong 

correlations were observed between RMS and spectral HRV 

index and between RMS and nonlinear HRV index. Our find-

ings are relevant to understand COPD effects on HR autonomic 

modulation and their relationship with impaired RMS.

In this study, we observed marked parasympathetic 

modulation in COPD patients at rest. This is in line with 

literature findings and has been previously explained by the 

FEV
1
 reduction and the bronchoconstriction increase, which 

are characteristic in these patients.19 However, the RSA-M 

induces a stimulation of the ANS,15 as it is a maneuver able to 

elicit a parasympathetic response. We observed that patients 

presented a response contrary to what was expected during 

the parasympathetic accentuation maneuver. Our results are 

in line with those by Reis et al,18 who observed increased sym-

pathetic activation and reduced parasympathetic response. 

Controlled breathing could possibly accentuate pulmonary 

hyperinflation, which is already present in these patients as 

a result of chronic airways obstruction.10,18

Novel results were obtained in this study regarding the 

ANS complexity, assessed through HRV nonlinear indices 

SampEn and ApEn; complexity was found to be reduced 

during the RSA-M when compared to resting conditions. 

Literature results show that COPD patients present reduced 

ANS complexity when compared with healthy subjects.20 

In this line of evidence, Mazzuco et al9 observed that the 

RSA-M, when compared with other autonomic tests that 

predominantly stimulate the sympathetic drive, was able to 

better evidence the impairments caused by the disease. This 

can be explained by the fact that parasympathetic modula-

tion is more impaired in these patients due to air trapping 

and gas-exchange disturbances.9

Moderate-to-strong correlations were observed in this 

study between RMS (Pimax and Pemax) and spectral and 

nonlinear HRV indices; moreover, isolated Pimax was found 

to be able to explain 44% of LF power behavior. Respira-

tory muscle weakness influences the phrenic dynamics and 

the expired air volume, with a functional residual capacity 

increase. Thus, it could be responsible for the alteration of 

the cardiac autonomic control response.12 Therefore, we can 

assume that impaired RMS can substantially influence the 

RSA-M effect and the HRV behavior and that inspiratory 

muscle weakness can determine greater vagal attenuation in 

COPD patients. It is known that respiratory muscle weakness 

leads to fast and shallow breathing and that diaphragmatic 

incursion is limited by pulmonary hyperinflation. Thus, the 

ergoreceptor may be activated early and may be respon-

sible for the fast central response in cardiac autonomic 

control.12 A similar result was obtained between respiratory 

muscle weakness and reduced HRV in chronic heart failure 

patients.11 Based on the result of this study, we propose an 

Figure 2 strong correlations were also observed between hrV complexity indices (apen and sampen) and Pemax during the rsa-M. 
Notes: (A) Positive correlation between sampen and Pemax (cm h2O); (B) Positive correlation between apen and Pemax (cm h2O). The spearman’s correlation analysis 
was performed. Significance level: P#0.05.
Abbreviations: hrV, heart rate variability; rsa-M, respiratory sinus arrhythmia maneuver; Pemax, maximum expiratory pressure; sampen, sample entropy; apen, 
approximate entropy; cm h2O, centimeters of water.
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equation for LF prediction during the RSA-M: LF during the 

RSA-M =120.71– (0.623× Pimax).

This study does possess limitations that deserve to be 

mentioned. Because of rigid exclusion criteria and the selec-

tion of patients with more than 95% of sinus beats, our sample 

is not fully representative of the entire COPD population, 

which is known to include patients with arrhythmias that com-

promise data recording and analysis. Moreover, only patients 

with GOLD stage II or higher COPD stage were included in 

the study; however, patients in the early stages of the disease 

could have a lower impact of the disease on cardiac autonomic 

control. In this study, we evaluated a relatively small cohort 

of COPD patients. Interestingly, most of the previous studies 

enrolled similar numbers of patients,5,9–12 whereas few studies 

analyzed larger cohorts of patients.18–20 Another limitation of 

this work consists of the fact that underlying inflammation 

was not evaluated and that sarcopenia was not quantified. 

Such analyses could contribute to a better understanding of 

the mechanisms involved in mechanoneurological control, 

such as flow and blood oxygenation reduction, both in the 

brain and in the peripheral muscles.21 Therefore, studies with 

greater, heterogeneous samples, including more comprehen-

sive investigations, are needed.

This study bears great significance and importance for 

the clinical management of COPD patients. The novel results 

hereby presented about RMS in COPD patients might lead 

to an effective improvement in pulmonary rehabilitation in a 

clinical setting. Respiratory muscle training, potential clinical 

routine use of controlled breathing pattern in COPD patients 

during pulmonary rehabilitation, and any adverse effects 

on cardiopulmonary dynamics need further investigation in 

future studies.

Conclusion
In conclusion, patients affected by COPD presented in creased 

parasympathetic activity and ANS complexity at rest in 

the sitting position when compared to the RSA-M. This sug-

gests an autonomic modulation alteration in basal conditions. 

During the RSA-M, a marked sympathetic modulation and 

a reduced parasympathetic response, with an HRV complex-

ity reduction, were induced. Finally, RMS was found to be 

strongly associated with the sympathovagal response in 

COPD patients. These findings are relevant to understanding 

of COPD effects on HR autonomic modulation, and this is 

important to elucidate pathobiological mechanisms linking 

COPD to its comorbidities.
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