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Background: The study was conducted to determine the impact of chronic obstructive
pulmonary disease (COPD) in association with obstructive sleep apnea syndrome (OSAS) on
cardiac autonomic control and functional capacity.

Subjects and methods: The study was a cross-sectional prospective controlled clinical
study. Heart rate variability indices of 24 COPD (n = 12) and COPD+OSAS (n = 12) patients
were evaluated and compared by electrocardiographic recordings acquired during rest, active
postural maneuver (APM), respiratory sinus arrhythmia maneuver (RSA-m), and the 6-minute
walk test (6MWT).

Results: The COPD group presented higher parasympathetic modulation during APM when
compared to the COPD+OSAS group (P = 0.02). The COPD+OSAS group presented higher
sympathetic modulation during RSA-m when compared to the COPD group (P = 0.00). The
performance during 6 MWT was similarly impaired in both groups, despite the greater severity
of the COPD group.

Conclusion: Subjects with COPD+OSAS present marked sympathetic modulation, and the
presence of OSAS in COPD subjects has a negative impact on functional capacity regardless
of the severity of lung disease.

Keywords: COPD, OSAS, COPD+OSAS, functional capacity

Introduction
Chronic obstructive pulmonary disease (COPD) is a syndrome characterized by chronic
airway obstruction, which is not completely reversible; it determines significant losses in
pulmonary function, has systemic effects, and is associated with important comorbidities.'
Among them, obstructive sleep apnea syndrome (OSAS), characterized by recurrent
events of upper airway obstruction during sleep, affects most COPD patients.? COPD
and OSAS are two of the most prevalent chronic respiratory diseases worldwide.>*
According to Taranto-Montemurro et al,’ the association of the two diseases is
present in about 0.5%—1% of the general population; the prevalence of COPD in
individuals with OSAS exceeds its prevalence in individuals who do not present with
sleep disorders.® OSAS appears to be more commonly seen in subjects with COPD
perhaps as a result of shared risk factors such as obesity, smoking, increased airway
resistance, local and systemic inflammation, as well as anti-inflammatory therapy.®
It is known that COPD+OSAS has a great impact on the systemic manifestations
of affected patients, such as an increase in daytime sympathetic activity, with an
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increase in rest heart rate (HR) and a decrease in heart rate
variability (HRV), which may lead to greater morbidity and
mortality from other diseases.’ On the other hand, other
authors have demonstrated that COPD+OSAS determines
marked parasympathetic hyperactivity in the airways and
hypoxemia-related bronchoconstriction/vasoconstriction,
among other neurohumoral effects.® These still contradic-
tory autonomic imbalances could have a negative impact on
static postural adjustments and responses to exercise. To our
knowledge, however, no previous study has evaluated and
compared such adjustments in these patients.

Thus, the main objective of this study was to determine
the impact of the coexistence of OSAS and COPD on car-
diac autonomic control in response to changes in breath-
ing pattern, active postural maneuver (APM), and during
submaximal exercise (6-minute walk test [(MWT]). We
hypothesized that the coexistence of OSAS and COPD would
be accompanied by greater cardiovascular, autonomic, and
functional impairments than COPD alone.

Subjects and methods
Subjects

Twenty-four individuals of both sexes were screened at the
Pulmonary Ambulatory of the School Health Unit (USE)
of Federal University of Sdo Carlos (UFSCar) and at the
Municipal Health Specialty Center of Sdo Carlos (CEME)
with clinical diagnosis of COPD according to the criteria
defined by the GOLD scientific committee’ with suspected
diagnosis of OSAS.

Inclusion criteria

COPD group: clinical diagnosis of COPD according to the
criteria defined by the GOLD scientific committee,” in regular
treatment with optimized medication, current nonsmokers,
people who were not in exacerbations period, and people
whose after-home sleep examination did not confirm the
suspicion of OSAS.

COPD+OSAS group: the same criteria for inclusion
in COPD group were followed; however, the individuals
presented a confirmed diagnosis of OSAS.

Subjects should not present clinical exacerbations or be
on oral steroids for at least 3 months.

Exclusion criteria

Exclusion criteria included presence of diabetes mellitus,
systemic arterial hypertension and uncontrolled pulmonary
hypertension, use of medications capable of altering cardiac
autonomic control, thyroid hormone alterations, use of home
oxygen therapy or continuous positive airway pressure (CPAP)

for the treatment of OSAS, pacemaker, cardiac arrhythmias
interfering with >95% of heart beats, and neurological and
orthopedic alterations that would prevent the performance
of the proposed tests.

The study was approved by the Ethics and Research
Committee of Federal University of Sdo Carlos, Sdo Paulo,
Brazil (number 1.406.894/2016), and all the volunteers signed
a written informed consent agreement in compliance with res-
olution number 466/2012 of the National Health Council.

Study protocol

All volunteers were subjected to two stages of evaluation:
1) investigation of the presence of OSAS in subjects with
COPD and 2) evaluation of the autonomic function through
HRYV analysis and of the functional capacity through 6MWT
application.

Measurements

In order to control the influence of circadian variations on the
results, all tests were performed at the same time of the day
in a laboratory with a mean temperature maintained between
20°C and 22°C and relative humidity in the range from 40%
to 60%. All subjects were instructed to abstain from alcohol or
stimulants on the day of the tests and not to practice physical or
sports activities the day before and on the day of the tests.

Pulmonary function

Spirometric evaluation was performed with a CPFS/D®
spirometer (Medgraphics, MGC Diagnostics Corpora-
tion, St Paul, MN, USA), according to the criteria of the
Brazilian Society of Pulmonology and Tisiology,® and were
staged according to the GOLD criteria.’

Home sleep test
The apnea-hypopnea index (AHI) and the oxygen desatura-
tion index (ODI) were obtained by an ApneaLink Plus™
equipment (ResMed Corporation, Poway, CA, USA), which
is a portable sleep monitor validated to assess the presence
of OSAS.? Subjects with AHI =15 were included in the
COPD+OSAS group, while those with AHI <15 were
included in the COPD group.

After group stratification, autonomic evaluation was
initiated and included.

Recording of R-R intervals

The electrocardiographic signal was recorded through a
BioAmp FE132 device (ADInstruments, Sydney, Australia),
with electrodes placed in the MC5 lead configuration.

submit your manuscript

1344

Dove

International Journal of COPD 2018:13


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

COPD+OSAS: autonomic and functional impact

Signals were recorded during the conditions shown in the
following sections.

Active postural maneuver

The subjects remained in supine position for 10 minutes and
were instructed not to talk, sleep, or move during this time.
After this rest period, the subjects were instructed to position
themselves in orthostatic position (10 minutes) and then in
sitting position (10 minutes), following the instructions given
for the rest period.

Respiratory sinus arrhythmia maneuver

After APM, the subjects, still seated, were subjected to
respiratory sinus arrhythmia maneuver (RSA-m; controlled
breathing with cycles of 10 seconds, divided into 5 seconds of
inspiration and 5 seconds of expiration) during 4 minutes.

For HRV analysis during MPA and m-ASR, the R-R
intervals (iRR) were collected at a rate of 500 samples/s.
All signals were visually inspected to identify artifacts or
noises where narrow peaks (<100 ms) were removed by
linear interpolation. All signals were filtered with low pass
filters with a cutoff frequency of 20 Hz.

Data were analyzed using Kubios HRV® software
(Version 2.1, Matlab, Kuopio, Finland). The data collected
during each MPA posture had a total period of iRR examined
and, for analysis, the most stable and noise-free segment that
contains 300 points was selected. In addition, the data col-
lected during m-ASR had all the iRR contained within the
4 minutes of the maneuver used for the analysis.

Submaximal exercise using the 6-minute walk test

General test principles, criteria for discontinuation, as well as
verbal stimuli were standardized based on the recommenda-
tions of the American Thoracic Society and the American
College of Chest Physicians.!® After a 4-minute rest period
(2 minutes in sitting position and 2 minutes in orthostatic
position), the volunteers were instructed to walk continu-
ously, as far as possible, in a 30-meter walk for 6 minutes,
and allowed to slow down and even interrupt the test if nec-
essary. At the end, the distance traveled in meters as well as
percentage in relation to the predicted was recorded.

HR was recorded by a Polar HR monitor (RX810,
Kempele, Finland) during 4 minutes before the test (rest),
throughout the test (exercise), and during 6 minutes after the
test (recovery). For HRV analysis during the 6MWT, the
data collected by the HR monitor were visually inspected
to identify artifacts or noises where narrow peaks (<100 ms)
were removed by linear interpolation. All signals were filtered
with low pass filters with a cutoff frequency of 20 Hz.

Data were analyzed using Kubios HRV® software
(Version 2.1, Matlab). The data were analyzed as follows:
e Rest in the seated position: The 2 minutes of the seated

rest period were analyzed.

e Rest in the orthostatic position: iRR were analyzed from
the 2 minutes of the standing rest period.

e Walk: For analysis, we selected the most stable and
noise-free segment that should have 3 minutes.

e Recovery: The last 5 minutes of collected iRR were
selected for analysis.

Selected sections were analyzed in the time and frequency
domains and by means of non-linear analysis. In the time
domain, the following indices were calculated: 1) SDNN:
standard deviation of all iRR; 2) RMSSD: square root of the
mean squared differences between adjacent iRR; 3) pnn50:
percentage of adjacent iRR with duration difference greater
than 50 ms; 4) TINN: iRR variability.!! SDNN and TINN
represent global autonomic activity.!! RMSSD and pnn50
are representative of vagal modulation.!" In the frequency
domain, the following indices were calculated: 1) high fre-
quency component (HF); frequency band between 0.15 Hz
and 0.4 Hz; 2) low frequency component (LF); frequency
band between 0.04 Hz and 0.15 Hz; and 3) LF/HF ratio.!! The
HF index represents cardiac parasympathetic modulation;
the LF index represents the joint action of the sympathetic
and parasympathetic components, with sympathetic pre-
dominance; the LF/HF ratio represents the sympathovagal
balance.'! In addition, the following non-linear indices were
calculated: 1) SD1: standard deviation of instantaneous
beat-to-beat variability; 2) SD2: long-term standard devia-
tion of the continuous iRR."" SD1 index represents cardiac
parasympathetic modulation and SD2 index represents global
cardiac autonomic activity.'!

Statistical analysis

The results were presented as mean * standard deviation,
with a level of significance of 95%. Categorical variables
were compared using the chi-square test. Two-way ANOVA
(with Bonferroni post hoc test) was used for comparative
analysis of the differences between the HRV indexes. Linear
associations were evaluated with Pearson product-moment
coefficients. Statistical analysis was performed using SPSS
19.0 (IBM, Armonk, NY, USA) and GraphPad Prism 6.0
(MacKiev Software, Boston, MA, USA).

Results

Population characteristics
One hundred and two subjects from the Pulmonary Ambula-
tory of the School Health Unit (USE) of Federal University
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69 excluded:

102 volunteers
(USE and CEME)

12 without COPD diagnosis;
6 limitations for testing;

7 deceased;
22 refused;
22 without telephone contact.

| 33 volunteers |

9 excluded:
6 without confirmation of COPD;

1 prostate cancer;
2 medicaments.

| 24 volunteers |

COPD group
(n=12)

Figure | Volunteer flowchart.

COPD+0OSAS group
(n=12)

Abbreviations: CEME, Municipal Health Specialty Center of Sao Carlos; COPD, chronic obstructive pulmonary disease; OSAS, obstructive sleep apnea syndrome;

USE, Pulmonary Ambulatory of the School Health Unit.

of Sao Carlos (UFSCar) and from the Municipal Health
Specialty Center of Sdo Carlos (CEME) were screened. The
groups were screened as described in Figure 1.

The baseline characteristics of the volunteers are shown
in Table 1. The data contained in Table 1 show that the lung
function of the COPD group was worse when compared to
the COPD+OSAS group, that is, the degree of respiratory
commitment was higher for the COPD group.

Although the COPD+OSAS group presented higher
levels of AHI and ODI, as expected due to the presence of
OSAS, interestingly, the time spent with saturation below
90% (SAT < 90%) and below 80% (SAT < 80%) was much
longer in the COPD group, confirming the great impact of the
disease on nocturnal hypoxemia in these patients.

HRYV indices at rest

The HRV indices during APM and RSA-m are represented
in Tables 2 and 3, respectively. The COPD+OSAS group
presented higher absolute and normalized LF values when
compared to the COPD group (Table 2, P < 0.05). On the
other hand, the COPD+OSAS group had lower normal-
ized HF values when compared to the COPD group; taken
together, data suggest greater sympathetic modulation in the
COPD+OSAS group.

Table 3 shows that both groups had higher SDNN and
TINN values during RSA-m when compared to the sitting
position, suggesting a greater global autonomic modulation
for both groups during the maneuver (P < 0.05). How-
ever, there was no interaction between APM values for the
two groups.

6MWT variables

The 6MWT parameters are shown in Table 4. Table 4 shows
that the COPD+OSAS group had higher SBP than the COPD
group (P < 0.05). In addition, symptoms of dyspnea and
lower limbs fatigue were worse in the COPD group than in
the COPD+OSAS group (P < 0.05), even though we did not
observe a worse performance in this group. Although there
were no differences in SpO, between groups during 6(MWT
(P = 0.21), the COPD group presented an average value
below 90%, which indicates that desaturation was clinically
more pronounced in this group.

Strong correlations were observed between the HRV
indices during 6MWT and nocturnal desaturation in these
patients. We observed that the longer the time spent with
saturation below 90%, the greater the parasympathetic modu-
lation during walking, represented by the RMSSD and SD1
indices (R = 0.80, P < 0.05).

Discussion
To our knowledge, this is the first cross-sectional study com-
paring autonomic responses to APM, RSA-m, and walking,
as well as submaximal exercise performance between
subjects with COPD+OSAS versus subjects with COPD.
The main findings of this study showed that individuals in
the COPD+OSAS group presented less severe lung disease
and shorter nocturnal hypoxemia time when compared to
the COPD group.

In addition, the autonomic modulation during APM was
impaired in both groups; however, the severity of COPD
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Table | Volunteers’ baseline characteristics

Demographic data COPD (n=12) COPD+OSAS (n=12) P-value
Age (years) 64.83 £ 1.69 64.17 +2.48 0.82
Sex female/male , n (%) 2 (16.7)/10 (83.3) 2 (16.7)/10 (83.3) 1.00
Weight (kg) 7332+ 5.6l 75.53 +3.58 0.74
BMI (kg/m?) 2549+ 1.70 27.13 £ 1.15 043
mMRC, 0/1/2/3/4, n (%) | (8.3)/1 (8.3)/2 (16.6)/4 (33.3)/4 (33.3) | (8.3)/4 (33.3)/2 (16.6)/1 (8.3)/4 (33.3) 0.46
Smoking habits

Never/ex/current 0.12.0 0.12.0 0.35
Pack years 53.33 £29.57 67.17 +41.09

Pulmonary function

FEV,, %pred 42.70 + 16.56 61.32+ 1879 0.01*
FEV /FVC, %pred 41.84+ 1222 56.29 + 12.07 0.00%*
COPD | and 2, n (%) 4 (33) 9 (75) 0.04*
COPD 3 and 4, n (%) 8 (67) 3(25) 0.04*
OSA

AHI 5.8l +£4.44 26.72 + 13.42 0.00%*
oDl 1027 £7.10 46.45 £ 90.82 0.01*
Sa02 <90%, min 193.81 + 166.72 64.48 + 48.57 0.04*
Sa02 <80%, min 1.90 + 3.78 .50 £2.71 0.94
Therapy, n (%)

SABA 4(33.3) 5(41.7) 0.84
SAMA Not applicable I (8.3) 0.84
LABA 9 (75) 10 (83.3) 0.84
LAMA 6 (50) 6 (50) 0.84
ICS 6 (50) 6 (50) 0.84
OCSs 1 (8:33) Not applicable 0.84
Theophylline 2 (16.6) I (8.33) 0.84
Antihistamine Not applicable 1 (8:33) 0.84

Notes: *Significant difference between COPD group and the COPD+OSAS group. The variables are presented as mean + SD.

Abbreviations: COPD, chronic obstructive pulmonary disease; OSAS, obstructive sleep apnea syndrome; BMI, body mass index; mMRC, modified Medical Research
Council dyspnea scale; FEV , forced expiratory volume in | second; pred, predicted; FVC, forced vital capacity; AHI, apnea-hypopnea index; ODI, oxygen desaturation index;
Sa02 <90%, saturation time <90%; SaO2 <80%, saturation time <80%; SABA, short-acting beta2-agonist; SAMA, short-acting muscarinic agonist; LABA, long-acting beta2-
agonist; LAMA, long-acting muscarinic agonist; ICS, inhaled corticosteroids; OCS, oral corticosteroids.

Table 2 HRV indices before and after active postural change from supine position to orthostatic position

COPD (n=12) COPD+OSAS (n=12) Group Position Interaction
Supine Orthostasis Supine Orthostasis
Time - - - -
iRR 794 £ 103 719 £ 114* 818+ 123 764 £ 97* 0.27 0.04 0.74
SDNN 13.9+53 11.7+6.6 16.1 +5.8 152+73 0.12 0.38 0.73
RMSSD 143£72 11.5£65 15879 13.7£6.9 0.42 0.21 0.78
pnn50 1.7+28 06 1.1 1.8+3.7 05+09 0.98 0.11 0.85
TINN 67.0£22.2 55.4 £ 304 779 £283 77.0 £ 34.6 0.06 0.46 0.52
Frequency - - - -
LF_abs 79.8 +84.8 69.2 + 66.6 156.7 £ 107.7* 161.3 £ 144.2¢ <0.0l 0.92 0.80
HF_abs 67.5+£47.8 609 £ 101.2 106.7 £ 115.1 70.6 £61.3 0.39 0.33 0.55
LF_nu 50.1 £ 19.9 583+ 195 62.9 £ 14.8* 68.6 = 14.7 0.02 0.17 0.80
HF_nu 497+ 198 412+ 194 367+ 148 310+ 14.6 0.02 0.16 0.78
LF/HF 1.3+1.0 30+47 2.01%£1.2 46+74 0.37 0.11 0.75
Non-linear - - - -
SDI 104 +5.1 8.1 £4.6 112+5.6 9.7+49 0.43 0.21 0.78
SD2 16.3+6.6 143 +84 19.7 £ 6.7 189+9.5 0.08 0.53 0.78

Notes: *Significant difference between supine position and orthostatic position. *Significant difference between the COPD group and the COPD+OSAS group. The variables
are presented as mean * SD.

Abbreviations: HRYV, heart rate variability; COPD, chronic obstructive pulmonary disease; OSAS, obstructive sleep apnea syndrome; iRR, interval between consecutive
heart beats; SDNN, standard deviation of all R-R intervals; RMSSD, square root of the mean squared differences between adjacent R-R intervals; pnn50, percentage of
adjacent R-R intervals with duration difference greater than 50 ms; TINN, triangular interpolation of the iRR interval histogram; LF_abs, absolute power in the low frequency
band; HF_abs, absolute power in the high frequency band; LF_nu, normalized power in the low frequency band; HF_nu, normalized power in the high frequency band; LF/HF,
low frequency to high frequency ratio; SD1, standard deviation of instantaneous beat-to-beat variability; SD2, long-term standard deviation of the continuous R-R interval.
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Table 3 HRV indices in sitting position and during RSA-m

Time COPD (n=12) COPD-+OSAS (n = 12) Group Maneuver Interaction
Sitting RSA-m Sitting RSA-m

iRR 773 £ 113 757 + 89 8ISt 116 802 +98 0.15 0.62 0.95

SDNN 144 +6.1 26 + 16.2% 17.3£7.1 34.8 +20.3% 0.15 0.00 0.46

RMSSD 13.2£5.1 19.9£19.5 17.1 £ 8.1 227+ 13.6 0.37 0.10 0.87

pnn50 04+09 41119 19+34 46+85 0.64 0.15 0.8l

TINN 70 +29.1 123.7 + 83.0* 87.5+353 160 + 87.2% 0.15 0.00 0.6l

Notes: *Significant difference between sitting position and RSA-m. The variables are presented as mean + SD.

Abbreviations: HRV, heart rate variability; RSA-m, respiratory sinus arrhythmia maneuver; COPD, chronic obstructive pulmonary disease; OSAS, obstructive sleep
apnea syndrome; iRR, interval between consecutive heart beats; SDNN, standard deviation of all R-R intervals; RMSSD, square root of the mean squared differences
between adjacent R-R intervals; pnn50, percentage of adjacent R-R intervals with duration difference greater than 50 ms; TINN, triangular interpolation of the iRR interval

histogram.

appears to lead to a greater parasympathetic modulation for
the COPD group and the association of OSAS to a greater
sympathetic activity for the COPD+OSAS group. During
6MWT, the groups presented similar performance impair-
ments despite the greater severity of the COPD group;
the time spent with saturation below 90% was associated
with marked parasympathetic modulation during sub-

maximal exercise.

Table 4 6MWT parameters

COPD COPD+OSAS  P-value
(n=12) (n=12)
Rest
SBP (mmHg) 118+ 10 129+9 0.01%*
HR (bpm) 82+ 11 79+ 13 0.56
SpO, 93+3 95+3 0.13
BORG D 0+ 1 0+0 0.10
BORG P 0+ 1 0+ 0.75
Peaks
SBP (mmHg) 147 + |5 159 + 25 0.17
HR (bpm) 104+ 17 106 = 13 0.72
SpO, 87+9 91 +4 0.21
BORG D 3+2 2+ 0.04*
BORG P 4+3 1 £1 0.01*
Covered distance
CD predicted (m) 557.17 £ 38.48 571.58 +41.42 0.38
CD reached (m) 362.12 £ 123.14  419.04 £77.66 0.18
% predicted 64.58 +20.03 7345+ 13.54 0.21
CDR COPD | and 2/ 320+ 137 448 + 33.05 0.18
CDR COPD+OSAS
3and 4
CDRCOPD 3and4/ 394+t114 409 + 87 0.76
CDR COPD+OSAS
| and 2

Notes: *Significant difference between groups (unpaired t-test). The variables are
presented as mean * SD.

Abbreviations: 6MWT, é-minute walk test; COPD, chronic obstructive pulmonary
disease; OSAS, obstructive sleep apnea syndrome; SBP, systolic blood pressure; HR,
heart rate; SpO,, peripheral oxygen saturation; BORG D, dyspnea Borg Scale; BORG P,
leg discomfort Borg Scale; CD, covered distance; CDR, covered distance reach.

Effects of autonomic tests in subjects
with COPD and in the coexistence of
COPD+OSAS

In our study, the COPD group presented higher parasym-
pathetic modulation during APM when compared to the
COPD+OSAS group. In contrast to findings from this
study, some authors have reported reduced sympathetic and
parasympathetic activity for individuals with COPD.!2!3
By contrast, Volterrani et al'* reported an increase in para-
sympathetic tone for this population, which is in accordance
with the results obtained in this study, where higher normal-
ized HF values were found during supine rest and after pos-
tural change to the orthostatic position. Stein et al'® related
the changes in the parasympathetic modulation of individuals
with COPD to the severity of the disease, which also seems
to happen in the present study, where autonomic alteration is
present in the group with more severe pulmonary disease.
The COPD+OSAS subjects presented higher sympathetic
modulation during APM when compared to the COPD
group.'¢ Taranto-Montemurro et al® observed increased
sympathetic modulation in subjects with heart failure +
OSAS during sleep. Our results are relevant, as we do not
know any other study that has evaluated the coexistence of
COPD+OSAS during postural change. Although marked
sympathetic modulation was observed in both supine and
orthostatic positions for the mixed group, none of the groups
presented satisfactory postural adjustments (position effect:
P > 0.05), demonstrating that postural adjustment is impaired
in the presence of OSAS, even with COPD severity being
lower for the COPD+OSAS group. Previous findings have
shown that early neuropathy is common in both COPD and
OSA subjects and is closely related to the disease severity.!”
Previous findings showed that hypoxemia contributes to
autonomic impairment in COPD patients.'® In our study,
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the COPD group presented longer desaturation time during
sleep and this observation may help explain impaired postural
adjustment in this group.

Effects of COPD and coexistence of

COPD+OSAS during RSA-m and 6MWT
In the present study, only RSA-m and 6MWT produced
autonomic responses in the subgroups, but without significant
differences between the groups. We observed that in both
groups RSA-m increased total HRV, as demonstrated by
SDNN and TINN (P < 0.05). Previous findings from our
group showed greater responses to the RSA-m in subjects
with COPD and that altered responses were associated
with greater COPD severity and poor diffusion capacity."’
Similarly, in subjects with OSAS, one study showed that the
component of respiratory sinus arrhythmia that is mediated
by pulmonary vagal feedback remained intact, indicating
that subjects presented a response to RSA-m.? Our findings
showed that both the COPD group and the COPD+OSAS
group presented an increase in total HRV; however, the
indices representative of parasympathetic modulation did not
change with the maneuver, suggesting possible mismatches
of the coexistence of the diseases and the severity of COPD
in front of maneuver.

When comparing the two groups, performance during
6MWT was similarly impaired, despite the greater COPD
severity of the COPD group; this leads us to suggest that
both the coexistence of OSAS and COPD and severe COPD
can cause functional losses. In this context, it is known that
the severity of COPD, as well as the severity of OSAS, is
closely associated with impairments in functional capacity.”!
In the present study, only SDNN and SD2 (both representa-
tive of total HRV) were sensitive to HRV reduction during
exercise. As for the other indexes, we did not observe any
differences during walking. Exercise was shown to increase
sympathetic modulation and reduce parasympathetic modu-
lation and global HRV .?? In subjects with COPD, physical
training may improve exercise capacity, increase indepen-
dence for activities of daily living, and improve cardiac
autonomic control.”® Results showed that in subjects with
OSAS, sympathetic hyperactivity contributes to impairment
in autonomic response during exercise.?* However, we did
not find any studies investigating the coexistence of COPD
and OSAS. We believe, therefore, that both parasympathetic
hyperactivity (present in COPD) and sympathetic hyperac-
tivity (present in OSAS) contribute to impaired autonomic
adjustment during exercise. These aspects are physiologically

grounded because the integrity of the parasympathetic modu-
lation is fundamental for fast HR adjustments (which occur
in the first 30 seconds of exercise, as well as during the first
minute of recovery) to allow for greater pulmonary blood
flow at this early stage of exercise (cardiodynamic phase).
At the same time, the increase of sympathetic modulation
during exercise continuation is necessary to maintain cardiac
work efficiency and meet exercise demands.

Therefore, the lack of responses during the autonomic
tests applied in the present study may indicate great func-
tional impairment. Both severity and coexistence of the
diseases have a negative impact on cardiac autonomic
control. These results are important, because they can lead
to the development of important non-pharmacological reha-
bilitation strategies in these subjects with the objective to
recover the integrity of the autonomic control or to minimize
the negative impact of the diseases.?>?’

Another interesting result of the present study was the
strong correlation found between the time that subjects
spent with saturation lower than 90% and the HRV indexes
during the 6MWT (RMSSD and SD1, R = 0.80, P < 0.05),
both representative of parasympathetic modulation. Our data
reinforce that higher nocturnal hypoxemia is closely related to
greater parasympathetic modulation during walking in both
groups. During exercise, normal subjects are expected to pres-
ent decreased parasympathetic modulation. It is known that
cardiac sympathetic hyperactivity is related to airway vagal
hyperactivity in subjects with COPD." Therefore, we believe
that the marked desaturation that occurred in COPD subjects
in our study was related to greater parasympathetic modula-
tion during exercise. These findings suggest that the use of
nocturnal oxygen therapy may be appropriate to help minimize
cardiac autonomic maladjustments in these patients.?®3°

Study limitations

The present study has some limitations. In relation to the
subjects involved in the study, it would be important to have
groups with a greater number of individuals, which was not
possible due to our rigid exclusion criteria and the difficulty in
finding subjects with the coexistence of the diseases. There-
fore, future clinical trials with a larger number of individuals
are needed to confirm the findings of the present study.

Conclusion

In conclusion, the results of this study indicate that subjects with
coexistence of COPD and OSAS have marked sympathetic
hyperactivity. In addition, the results suggest that regardless
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of the degree of lung involvement caused by COPD, the pres-
ence of coexistence leads to a greater functional impairment
than in the presence of pathologies alone. Therefore, it is
suggested that COPD+OSA leads to greater cardiovascular,
autonomic, and functional deficiencies.
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