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Background: In chronic obstructive pulmonary disease (COPD), functional and structural 

impairment of lung function can negatively impact heart rate variability (HRV); however, it is 

unknown if static lung volumes and lung diffusion capacity negatively impacts HRV responses. 

We investigated whether impairment of static lung volumes and lung diffusion capacity could 

be related to HRV indices in patients with moderate to severe COPD.

Methods: Sixteen sedentary males with COPD were enrolled in this study. Resting blood 

gases, static lung volumes, and lung diffusion capacity for carbon monoxide (DL
CO

) were 

measured. The RR interval (RRi) was registered in the supine, standing, and seated positions 

(10 minutes each) and during 4 minutes of a respiratory sinus arrhythmia maneuver (M-RSA). 

Delta changes (∆supine-standing and ∆supine-M-RSA) of the standard deviation of normal RRi, 

low frequency (LF, normalized units [nu]) and high frequency (HF [nu]), SD1, SD2, alpha1, 

alpha2, and approximate entropy (ApEn) indices were calculated.

Results: HF, LF, SD1, SD2, and alpha1 deltas significantly correlated with forced expiratory 

volume in 1 second, DL
CO

, airway resistance, residual volume, inspiratory capacity/total lung 

capacity ratio, and residual volume/total lung capacity ratio. Significant and moderate associa-

tions were also observed between LF/HF ratio versus total gas volume (%), r=0.53; LF/HF ratio 

versus residual volume, %, r=0.52; and HF versus total gas volume (%), r=-0.53 (P,0.05). 

Linear regression analysis revealed that ∆RRi supine-M-RSA was independently related to 

DL
CO

 (r=-0.77, r2=0.43, P,0.05).

Conclusion: Responses of HRV indices were more prominent during M-RSA in moderate 

to severe COPD. Moreover, greater lung function impairment was related to poorer heart rate 

dynamics. Finally, impaired lung diffusion capacity was related to an altered parasympathetic 

response in these patients.

Keywords: lung diffusion capacity, static lung volumes, rest hyperinflation, COPD, heart rate 

variability, cardiac autonomic nervous system

Introduction
Chronic obstructive pulmonary disease (COPD) is a complex disorder with diverse 

pathophysiological manifestations1 and the fourth leading cause of death throughout 

the world.2 Respiratory symptoms and impaired lung function, such as reductions in 

forced expiratory volume in 1 second (FEV
1
), are well described predictors of coronary 

artery disease, ventricular arrhythmias, and cardiovascular mortality.3–6 Moreover, 

COPD patients present with a distinct autonomic imbalance, highlighted by abnormally 

diminished variations in heart rate.7

It seems that autonomic nervous system control in patients with COPD is influenced 

by variability at saturation level; hence, responses to sympathetic and parasympathetic 
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stimuli are reduced.7 In fact, it has been previously described that 

excitatory modulation of the sinoatrial node as well as respira-

tory modulation are attenuated; this latter phenomenon is likely 

due to an increased in residual volume (RV).8 Also, impaired 

cardiac autonomic control is associated with inspiratory muscle 

weakness9 and diminished heart rate variability (HRV), the latter 

being observed during a respiratory sinus arrhythmia maneuver 

(M-RSA), which is characterized as a parasympathetic stimuli. 

This response may be associated with changes in both lung 

compliance and lung stretch reflex responses in patients with 

cardiopulmonary disease10 and in healthy humans.11 Moreover, 

COPD causes neurohumoral activation, as evidenced by marked 

peripheral sympathetic activation (using microneurography of 

the peroneal nerve) and reduced baroreflex sensitivity.12

On the one hand, lung function tests are widely used to 

assess the efficacy of treatments in COPD patients and mea-

sures such as inspiratory capacity (IC) provide an important 

understanding of common symptoms such as dyspnea.1 

Assessment techniques such as whole body plethysmography 

yield valuable information related to heterogeneous altera-

tions occurring in patients with COPD that cannot be properly 

assessed by simple spirometry.13 Casanova et al,14 Zaman et al,15  

and Albuquerque et al16 have argued that the IC/total lung 

capacity (TLC) ratio constitutes an important predictor of 

mortality, exacerbations, and maximal exercise capacity. 

Moreover, measurement of transfer factor provides additional 

prognostic information.17 On the other hand, there is still 

conflicting information related to the correlation between 

pulmonary function test variables and HRV indices in COPD 

patients. For example, Camillo et al18 did not demonstrate 

a correlation between resting HRV and disease severity 

(evaluated by simple spirometry), while another pilot study 

demonstrated that COPD patients with moderate and severe 

disease had abnormal cardiac autonomic modulation, which 

was related to the degree of lung function impairment.19

Thus, the objective of this study was to investigate 

whether impairment of lung function, especially in those 

variables obtained from static lung volumes (SLV) and diffu-

sion capacity of the lung for carbon monoxide (DL
CO

), would 

be related to linear and non-linear HRV indices in patients 

with moderate to severe COPD. We hypothesized that higher 

levels of COPD disease severity would be related to more 

pronounced cardiac autonomic impairment.

Subjects and methods
subjects
Sixteen sedentary males with smoking-related COPD2 were 

enrolled in this observational, cross-sectional clinical study. 

All patients were evaluated in a specialized outpatient clinic 

by the same pneumologist and optimally treated before ini-

tiation of the study (Table 1). All patients presented with a 

clinical and spirometric diagnosis of COPD (FEV
1
/forced 

vital capacity ,0.7 and post-bronchodilator FEV
1
 ,80% 

predicted) at stages II, III, or IV.2 All subjects also reported 

suffering from chronic dyspnea (modified Medical Research 

Council scale score). No decompensation episodes occurred 

in any enrolled subject for at least 1 month prior to study 

initiation, and no subjects had participated in a regular 

physical exercise program for at least 6 months prior to study 

initiation. The exclusion criteria included long-term oxygen 

therapy, type 1 or non-controlled type 2 diabetes mellitus 

or peripheral vascular disease, the presence of neurological 

conditions that would preclude participation in the required 

protocol, uncontrolled hypertension, other concomitant 

respiratory diseases, current alcoholism, use of theophylline, 

and a history of cardiac arrhythmias or potential electrocar-

diogram alterations. The study was approved by the medical 

ethics committee of São Paulo Hospital, São Paulo, Brazil, 

and all subjects were informed about the study objectives, 

experimental procedures, and potential risks. All subjects 

gave written informed consent before study initiation.

Outcome measurements
Patients underwent the study assessments on an outpatient 

basis. The primary outcome was the relationship between 

parasympathetic HRV indices and both air trapping and 

reduced diffusion capacity. Secondary outcome measures 

included HRV responses during postural changes.

Protocol
All patients underwent a comprehensive evaluation, per-

formed during 2 days: clinical evaluation by a pneumolo-

gist and physiotherapist, followed by lung function tests 

(resting blood gases, spirometry, SLV, DL
CO

, and maximal 

inspiratory and expiratory pressures) and Doppler echocar-

diography, and HRV data collection (supine, stand, sitting, 

and M-RSA, in this sequence).

Measurements
All subjects were evaluated at the same time of day (in order 

to avoid differences in response due to circadian rhythm) and 

were instructed to abstain from caffeinated and alcoholic 

beverages and not to perform exercise on the day before 

data collection.

lung function
Spirometry, gas transfer, and SLV were measured (1085 Elite 

D™, Medical Graphics Corporation, St Paul, MN, USA) 
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Table 1 (Continued)

Clinical data COPD patients (n=16)
spironolactone 1 (6.3)
Diltiazem 1 (6.3)
amiodarone 1 (6.3)
Furosemide 1 (6.3)
hydrochlorothiazide 6 (37.5)
aspirin 2 (12.5)
statin 5 (31.3)
Metformin 3 (18.8)
Other hypoglycemics 1 (6.3)
Warfarin 1 (6.3)

Notes: Unless otherwise stated, data are presented as mean ± sD. aThirteen 
patients were able to achieve acceptable test criteria for DlCO.
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary 
disease; lVeF, left ventricular ejection fraction; rV, right ventricle; lVDD, left 
ventricular diastolic dysfunction; BnP, B-type natriuretic peptide; mMrC, mod-
ified Medical Research Council; FEV1, forced expiratory volume in 1 second; 
IC/TlC, inspiratory capacity/total lung capacity ratio; raw, airway resistance; 
DlCO, carbon monoxide diffusing capacity; MIP, maximal inspiratory pressure; MeP, 
maximal expiratory pressure; CaD, coronary arterial disease; laBa, long-acting 
beta2-agonist; ICs, inhaled corticosteroids; laMa, long-acting anticholinergics;  
aCe, angiotensin-converting-enzyme.

Table 1 Baseline patient characteristics

Clinical data COPD patients (n=16)

Demographics
age, years 66.3±8.4
sex, male/female (n) 16/0
BMI, kg/m² 24.7±4.2
race, (Caucasian/other) 16/0

echocardiogram
lVeF, % 67.1±4.4
rV diameter, mm 22.2±3.4
lVDD, normal/type I, n (%) 1 (0.06)/15 (0.94)
BnP, pg/ml 17.3±18.7
mMrC, 1/2/3, n (%) 10 (62.5)/5 (31.3)/1 (6.3)
smoking, never/ex/current 0/16/0
pack-years 48.0±26.9

lung function
Forced vital capacity, % predicted 92.6±21.1
FeV1, % predicted 53.9±19.7
FeV1/forced vital capacity 44.0±10.8
Total lung capacity, % predicted 113.8±16.6
Inspiratory capacity, % predicted 88.5±24.8
IC/TlC 0.36±0.09
residual volume, % predicted 164.6±40.3
rV/TlC 0.48±0.08
raw (cmh2O/l/sec) 3.5±1.2
DlCO, % predicted 54.3±20.6a

MIP (cmh2O/% predicted) -92±32/92±30
MeP (cmh2O/% predicted) 126±30/112±24
PaO2, mmhg 70.2±6.3
PaCO2, mmhg 37.1±4.7
sO2, % 93±2

Main comorbidities, n (%)
hypertension 9 (56.3)
Type 2 diabetes 3 (18.8)
hypercholesterolemia 5 (31.3)
sleep apnea 2 (12.5)
Chronic kidney disease 13 (81.3)
Osteoporosis 2 (12.5)
Chronic atrial fibrillation 1 (6.3)
CaD 1 (6.3)
Gastroesophageal reflux disease 1 (6.3)
alcoholism, ex/current 5 (31.3)/0

Therapies, n (%)
laBa 1 (6.3)
laBa + ICs 5 (31.3)

laBa + ICs + laMa 9 (56.3)

laBa + laMa 1 (6.3)
Beta-blockers 0
aCe inhibitors 6 (37.5)
amlodipine 5 (31.3)

(Continued)

according to American Thoracic Society/European Respira-

tory Society guidelines.20–22 Reference values were previously 

described.23–25 Measurement of maximal inspiratory and expira-

tory pressures (1085 Elite D) was performed from the RV and 

TLC, respectively.26 Resting blood gases were obtained by sam-

ples from the radial artery, following standard procedures.27

Doppler echocardiography
All individuals underwent comprehensive two-dimensional 

echocardiography using an IE33 (Philips, Andover, MA, 

USA) echocardiography system with a 2–5 MHz matrix 

transducer and tissue Doppler imaging software. Patients 

were studied in the left lateral decubitus position and always 

by the same physician. Quantification of the cardiac chambers 

was performed according to American Society of Echocar-

diography guidelines.28

B-type natriuretic peptide
Blood samples were obtained on day 1 and plasma B-type 

natriuretic peptide levels were measured by chemilumines-

cent enzyme immunoassay.

acquisition of rr interval
The RR interval (RRi) was registered using the Polar® system 

at rest in the supine (10 minutes), standing (10 minutes), 

and seated (10 minutes) positions, as well as during M-RSA 

(4 minutes, in the seated position). In this maneuver, the 

researchers instructed the subjects to perform a sequence of 

deep and slow inspirations and expirations, with lung volumes 

varying from the TLC to the RV. Each breathing cycle lasted  

10 seconds (5 seconds of inspiration, 5 seconds of exhalation). 

The volunteers followed the researchers’ verbal commands 

in order to maintain the respiratory rate of six breaths per 

minute, which is expected to induce the maximum respiratory 

sinus arrhythmia.10 An elastic belt (Polar T31 transmitter, 

Polar Electro, Kempele, Finland) was attached to the chest of 

each volunteer at the level of the lower third of the sternum. 
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The belt contains a stable case with heart rate electrodes, an 

electronic processing unit, and an electromagnetic field trans-

mitter. The heart rate signals are continuously transmitted 

to the Polar Advantage receiver unit via an electromagnetic 

field.29 All data were transferred to a computer using Polar 

Pro-Trainer 5TM® software.

hrV analysis
HRV was analyzed using Kubios HRV® version 2.1 software 

(Matlab, Kuopio, Finland). The total period of RRi collec-

tion was scrutinized, and the most stable noise-independent 

segment (ie, without ectopic beats, arrhythmic events, miss-

ing data, and/or noise events) was selected for analysis. This 

interval contained at least 256 points.30 Time and frequency 

domains analysis and non-linear analysis were performed in 

the supine, seated, and standing positions and during M-RSA.  

The mean RRi, the standard deviation of the normal RR 

intervals (SDNN), and the square root of the mean squared 

differences of successive RR intervals (RMSSD) were 

obtained for time domain linear analysis. Low frequency (LF) 

and high frequency (HF), both expressed in normalized units 

(nu), included frequency domain HRV indices. In addition, 

the LF/HF ratio was calculated to verify the sympathovagal 

balance.30 Non-linear HRV analysis was performed from 

SD1 (standard deviation measuring the dispersion of points 

in the plot perpendicular to the line of identity), SD2 (stan-

dard deviation measuring the dispersion of points along the 

line of identity), alpha1 and alpha2 (respectively, short-term 

and long-term fluctuations of detrended fluctuation analysis), 

and approximate entropy (ApEn) indices. SD1 is related to 

parasympathetic activity, while SD2 reflects total variability. 

Alpha1 and alpha2 were used to quantify the fractal property 

of the temporal series of the RRi and, in healthy conditions, 

the alpha1 value should be close to 1 and higher than the 

alpha2 value.31 In turn, ApEn detects changes in a time series 

and provides a non-negative number to the series. Higher 

values indicate more complex data.32

Moreover, in order to verify responses due to postural 

changes, HRV indices were also expressed in deltas (∆)  

(∆supine-sitting is the HRV index in the supine position 

minus the HRV index in the seated position; ∆supine-M-RSA 

is the HRV index in the supine position minus the HRV index 

during M-RSA; and ∆sitting-M-RSA is the HRV index in the 

seated position minus HRV index during M-RSA).

statistical analysis
The sample size for the current study was estimated con-

sidering correlation analyses between HRV indices and 

pulmonary function. To reach an 80% chance of detecting 

a moderate association (r$0.6) at an α level of 0.05, the 

power calculation indicated a sample of 16 patients.33 The 

results are reported as the mean ± standard deviation, and 

all statistical analysis was conducted at a 95% level of sig-

nificance. According to variable distribution, the Kruskal–

Wallis H test, with the Mann–Whitney post hoc test, was 

performed to evaluate differences between deltas of HRV 

indices. Pearson’s or Spearman’s moment correlations coef-

ficient was used to test the association between variables. 

The magnitude of correlations was determined considering 

the following classification scheme for r-values: 0.26–0.49, 

low or weak; 0.50–0.69, moderate; 0.70–0.89, strong or 

high; and 0.90–1.0, very high.34 Backward linear regression 

analysis was performed to identify the independent predic-

tor of impaired lung function in COPD patients. Statistical 

analysis was performed using Statistical Package for the 

Social Sciences version 17.0 software (SPSS Inc, Chicago, 

IL, USA).

Results
general characteristics
Twenty-six COPD patients from a specialized outpatient 

COPD clinic (convenience sample) at the Federal University 

of São Paulo were recruited. Ten patients did not fulfill the 

inclusion criteria (long-term oxygen therapy, n=1); recent 

decompensation episode (n=4); current alcoholism (n=1); 

participation in pulmonary rehabilitation (n=1); and refusal to 

participate (n=3). Baseline patient characteristics are shown 

in Table 1. All of the patients enrolled were ex-smokers 

(48.0±26.9 pack-years) and had normal left ventricular 

ejection fraction (67.1%±4.4%), without alterations in right 

ventricular diameter (22.2±3.4 mm). Most of patients (94%) 

presented with left ventricular diastolic dysfunction type 1 

(impaired relaxation) and mean plasma B-type natriuretic 

peptide levels of 17.3 pg/mL. The majority of patients 

(62.5%) presented with a modified Medical Research 

Council scale score of 1 and the main reported comorbidity 

was chronic kidney disease (81.3%). With regards to medi-

cal treatment, most patients received combined respiratory 

therapy (n=9).

lung function
Three patients were not able to achieve acceptable test criteria 

for DL
CO

. The mean FEV
1
 was 53.9%±19.7%, with a range 

encompassing Global Initiative for Chronic Obstructive 

Lung Disease stages II–IV. Subjects presented with a slight 

reduction in DL
CO 

and increased airway resistance (Raw) with 
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evidence of air trapping. All subjects presented with normal 

respiratory muscle force and normoxemia (Table 1).

hrV indices during postural changes
Comparison of HRV indices between supine-stand, supine-

sitting, and sitting-M-RSA maneuvers are shown in Figure 1.  

COPD patients presented with significant changes in time and 

frequency domain (∆SDNN, ∆RMSSD, ∆LF nu, ∆HF nu)  

and non-linear (∆SD1, ∆SD2, ∆alpha1, ∆alpha2, ∆ApEn) 

HRV indices, when responses due to postural changes 

were compared (∆supine-stand versus ∆sitting-M-RSA and 

∆supine-sitting versus ∆sitting-M-RSA; P,0.05).

association between pulmonary function 
and hrV indices
A number of moderate statistically significant associations 

between HRV indices (∆) and variables from lung function 

tests are demonstrated in Figure 2. Both linear (HF nu) and 

non-linear (SD1, SD2, alpha1) deltas showed correlations 

with simple spirometry (FEV
1
 [L]), DL

CO
 (%) and whole 

body plethysmography (Raw [cmH
2
O/L/sec], RV [%], IC/

TLC and RV/TLC ratio). Also, absolute linear values with 

HRV at rest (sitting) showed moderate statistically significant 

associations with lung function test variables (LF/HF ratio 

versus total gas volume [TGV] [%], r=0.53; LF/HF ratio 

versus RV [%], r=0.52; HF nu versus TGV [%], r=-0.53; 

P,0.05; Figure 3). In addition, we observed significant 

correlations ranging from 0.50 to 0.59 between FEV
1
 (L), 

SLV (RV [%], TGV [%], IC/TLC, and RV/TLC) and DL
CO

 

(%) and linear (LF [msec], LF [nu], RMSSD [msec], LF/

HF ratio, HF [nu]) and non-linear (SD2, msec) HRV indices 

(∆), which are not shown in Figures 2 and 3. Furthermore, 

linear regression analysis revealed that ∆RRi supine-M-

RSA (msec) was independently related to DL
CO

 (%) in this 

COPD cohort ([r=-0.77, r2=0.43, P,0.05, standard error 

of estimate =16.3; DL
CO 

[%] =60.55 – [0.23 ∆RRi supine- 

M-RSA]); (Figure 4).

Discussion
This is the first study to correlate non-linear HRV indices 

with SLV and DL
CO

 in COPD patients. According to our main 

hypotheses, the primary findings of the present study were as 

follows: responses in HRV indices due to postural changes are 

more evidenced in transitions from supine or sitting positions 

to M-RSA; there are moderate associations between lung 

function impairments and poor heart rate dynamics; and there 

is a strong relationship between DL
CO

 (%) and RRi (∆) during 

the sitting-M-RSA transition (parasympathetic stimuli).

responses in hrV due to postural 
changes
HRV provides important information on cardiac regulation, 

by means of indices that indicate normal responses to auto-

nomic stimuli.35 The autonomic nervous system in patients 

with COPD appears to work at an overwhelmed level;7 

therefore, autonomic control is saturated and its modula-

tion to different stimuli is depressed.8 The same pattern of 

autonomic (dys)regulation has been found in patients with 

chronic respiratory failure (lung fibrosis and COPD)36 and 

asthma37 during autonomic maneuvers.

Another interesting finding of the current study was that 

the respiratory maneuver (parasympathetic stimuli) seemed 

to cause more turbulence in autonomic nervous system 

function compared with sympathetic maneuvers (ie, during 

postural active maneuver), both for linear (Figure 1A–D) and 

non-linear (Figure 1E–I) HRV indices. In healthy humans, 

sympathetic activity appears to be influenced by the pattern 

of breathing (depth and initial pulmonary volume).11 Most 

of the subjects included in this study (n=13) presented with 

signs of air trapping (augmented RV and RV/TLC ratio). 

Although markers of sympathetic activation were not mea-

sured in the present study, we speculate that the elevated 

starting volume and also high work of breathing could cause 

elevated sympathetic activation; therefore, autonomic cardiac 

control would be reset to a new level.

lung function impairment versus 
diminished heart rate dynamics
Airflow obstruction increases the risk of cardiac injury in 

patients with moderate to severe COPD,38 and its association 

between pulmonary function and occurrence of ventricular 

arrhythmia has been previously shown.4 Our results showed 

moderate correlations between lung impairment and linear 

and non-linear HRV indices (Figures 3 and 4). Not only do 

these findings indicate that worse heart rate dynamics can 

be related to more severe airflow obstruction, but also that 

both simple spirometry and SLV should be used to express 

these interactions. In addition, detrended fluctuation analysis 

(obtained from alpha1 and alpha2 indices) and Poincaré plot 

analysis (obtained from SD1 and SD2 indices) add powerful 

information to the results hereby presented, as the former is 

not contaminated by changes in the external environment 

(such as respiration)39 and the latter can capture many types 

of variability in oscillations (as recurrence and periodicity) in 

a time series.40 Therefore, the present study has demonstrated 

that using both linear and non-linear HRV indices can provide 

detailed knowledge about cardiac autonomic dysfunction in 
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Figure 3 Correlation between heart rate variability indices (absolute values) and variables from lung function tests. 
Note: *P,0.05.
Abbreviations: lF/hF, low frequency/high frequency ratio; hF (nu), high frequency in normalized units; TgV, total gas volume; rV, residual volume.

autonomic regulation at rest and the IC/TLC ratio. The results 

presented here show that the values of pulmonary function 

variables indicating lung impairment (ie, DL
CO 

,60%,  

Raw .2.5 cmH
2
O/L/sec, RV .140%, TGV .130%, RV/

TLC .0.4,23–25 IC/TLC ,0.28,16 and ,0.2514) are moder-

ately correlated with abnormal resting HRV indices (eg, 

high LF/HF ratio and low HF nu; Figure 3) and also with 

abnormal postural responses (∆), as shown in Figure 2. 

Since COPD is a complex disorder with diverse pathophysi-

ological manifestations, SLV and DL
CO

 seem to accurately 

capture the wide variability in airways resistance, resting 

lung hyperinflation, and integrity of the alveolar-capillary 

interface.1

DlCO and its relationship with hrV-∆rri 
sitting-M-rsa
A strong and negative relationship between DL

CO
 and the 

RRi response to an autonomic maneuver (M-RSA) was 

found in the present study (Figure 4). The reasons why 

these two variables correlate cannot be fully elucidated and 

further investigation is required. However, some hypoth-

eses can be considered. First, both reduced DL
CO

 and an 

Figure 4 Backward linear regression. 
Note: *P,0.05.
Abbreviations: DlCO, diffusion lung capacity for carbon monoxide; ∆rri sitting-M-
rsa, rri in seated position minus rri during M-rsa; see, standard error of estimate.

COPD patients and, indirectly, potentially estimate the risk 

of adverse cardiac events.

On the one hand, a recent study has suggested that poor 

HRV is not necessarily linked to increased COPD severity, 

estimated by FEV
1
 (%).18 On the other hand, Corbo et al19 

have supported an association between abnormal cardiac 
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abnormal response to parasympathetic autonomic stimuli are 

independent expected markers of physiological impairment 

in COPD. Reis et al9 have recently demonstrated that COPD 

patients with diminished respiratory muscle strength also 

exhibit a reduction in vagal tone during an M-RSA. Aside 

from respiratory muscle weakness (one of the alveolar capil-

lary membrane components), lung diffusion capacity may be 

changed by capillary blood volume factors.22 In this context, 

the role of sympathetic overactivation could contribute to 

the already reduced DL
CO

, as far as it modifies pulmonary 

capillary tone and capillary blood filling.

In addition, in healthy aging, the RRi dynamic shows 

higher regularity and consistent loss of complexity, which 

leads to lower adaptability to physiological stress.41 In 

the presence of COPD, the respiratory modulation of RRi 

variability is even more reduced.8 Our results show that 

the greater the RRi imbalance in sitting-M-RSA transition 

(subjects with ∆ .0), the worse the DL
CO

.

Clinical implications
The present study has potentially important clinical implica-

tions with respect to HRV analysis in COPD, which is a sim-

ple, low-cost method that provides not only information on 

cardiac autonomic function but also adverse outcomes, such 

as a heightened risk of sudden cardiac death.42 Moreover, 

nonlinear HRV analysis complements linear analysis since 

detrended fluctuation analysis (alpha1 and alpha2 indices) is 

not contaminated by changes in the external environment39 

and Poincaré plot analysis (SD1 and SD2 indices) can capture 

many types of variable oscillations, such as recurrence and 

periodicity, in a time series.40 As whole body plethysmog-

raphy and DL
CO

 are not widely available and costly, our 

results demonstrate that, by using a straightforward, readily 

applicable HRV analysis method in patients with moderate 

to severe COPD, we could infer that impaired autonomic 

adjustment is related to the severity of pulmonary disease. 

Thus, when whole body plethysmography and DLCO are not 

available, HRV analysis may be considered as an assessment 

approach in COPD.

limitations
Naturally, the current study has some limitations. First, we 

were only able to include a small number of volunteers and 

they were all men. Hence, our study cannot infer conclusions 

regarding the relationship between impaired lung function 

and HRV indices in female COPD patients. However, the 

power calculation demonstrated that 16 subjects can achieve 

an 80% likelihood of detecting a moderate correlation at an 

α level of 0.05. Second, we acknowledge that addition of a 

control group might have added useful comparative informa-

tion to the current results. In addition, the term “sympathova-

gal balance” refers to a reciprocal relationship between HF 

and LF HRV components.43 Therefore, this measure provides 

insights into both high sympathetic modulation and reduced 

vagal tone. Clearly, the presence of comorbidities that cause 

sympathetic overactivation might impact our results, and this 

is another limitation of our study. Nevertheless, our sample 

describes a “real-life” COPD cohort being managed clini-

cally where the presence of systemic inflammation seems to 

be shared between COPD and other comorbidities, such as 

hypertension, diabetes, and ischemic heart disease.44–47 In this 

study, markers of sympathetic activation were not quantified, 

so the occurrence of sympathetic overactivation is hypo-

thetical at this time. Finally, although HRV cannot measure 

autonomic nervous system activity, it is a noninvasive clinic 

tool that can be used to study neural cardiac regulation, which 

has been well established previously.48

Conclusion
In conclusion, our results show that, in patients with moderate 

to severe COPD, responses in HRV indices due to postural 

changes are more evident when they are subjected to a respi-

ratory maneuver such as M-RSA. Moreover, a higher level 

of lung function impairment is related to poorer heart rate 

dynamics, the latter evidenced by both linear and nonlinear 

HRV analysis. Finally, there is a strong and negative rela-

tionship between DL
CO

 (%) and RRi during parasympathetic 

stimuli (∆sitting-M-RSA). Future investigation is needed to 

further elucidate the role of HRV analysis in patients with 

pulmonary disease.
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