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Abstract

Background Sympathetic nervous system activation plays a pivotal role in obese patients with obstructive sleep apnea
(OSA), contributing to increased cardiovascular risk. Epicardial adipose tissue (EAT) activates cardiac autonomic nervous
system. Our main study objective was to investigate effects of these autonomic dysfunction factors on post-exercise heart
rate recovery (HRR).

Methods 36 patients, referred for clinical assessment of obesity (BMI > 30 kg/m?), underwent overnight polysomnography,
transthoracic echocardiography and cardiopulmonary exercise testing.

Results Compared to non-OSA patients, OSA patients were older and displayed reduced body weight-indexed peak VO,.
Cardiac output at peak exercise was similar among groups. Peak exercise arterio-venous oxygen content difference D[a-v]O,
was lower in OSA patients. In univariate linear analysis, age, AHI, EAT thickness, peak VO, and diabetes were associated
with blunted HRR. Multiple linear regression analysis showed that increased EAT thickness, AHI and diabetes were inde-
pendently associated with lower HRR. For identical AHI value and diabetes status, HRR significantly decreased by 61.7%
for every 1 mm increase of EAT volume (p=0.011). If HRR was treated as a categorical variable, EAT [odds ratio (OR)
1.78 (95% confidence interval [CI] 1.19-2.66); p=0.005], and type 2 diabetes [OR 8.97 (95% CI 1.16-69.10); p=0.035]
were the only independent predictors of blunted HRR.

Conclusions Aerobic capacity and peak exercise D[a-v]O, are impaired in obese OSA patients, suggesting abnormal periph-
eral oxygen extraction. EAT thickness is an independent marker of post-exercise HRR, which is a noninvasive marker of
autonomic nerve dysfunction accompanying poor cardiovascular prognosis in obese patients.
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Increasing adiposity is associated with neuroendocrine
and metabolic abnormalities, including renin-angiotensin
system activation, autonomic nervous system dysfunction,
hyperleptinemia, inflammation, and deregulation of growth
factors [1]. Among these perturbations, activation of the
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sympathetic nervous system plays a pivotal role, possibly
contributing to increased cardiovascular risk [1]. Chronic
intermittent hypoxia elicited by recurring obstructive sleep
apnea (OSA) episodes represents a key event that potently
activates autonomic reflexes [2]. During obstructive apneic
and hypopneic events, activation of peripheral and central
chemoreflex by hypoxemia and hypercapnia results in per-
sistent increased chemoreflex sensitivity with consequent
activation of the sympathetic nerve [2, 3]. Subsequent
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sympathetic nervous system hyperactivity is believed to be
an integral intermediate mechanism of cardiovascular dis-
ease morbidity and mortality in obese patients with OSA
[4-11].

Cardiopulmonary exercise is considered a simple and
reliable test for the identification of autonomic nervous dys-
function [12]. Exercise is associated with increased sym-
pathetic and decreased parasympathetic activity, resulting
in an acceleration of heart rate caused by vagal withdrawal
and adrenergic discharge [12]. The decline in heart rate dur-
ing recovery (HRR) is principally due to a reactivation of
the parasympathetic nervous system, mostly in the early
recovery period. Sympathetic withdrawal also contributes
to HRR, as evidenced by brisk HRR even after atropine
administration at maximal exercise 126.

As blunted HRR is a powerful predictor of cardiovascular
disease and all-cause mortality, extensive evaluation of HRR
has been performed in several pathological conditions such
as coronary artery disease, heart failure, hypertension, type
2 diabetes, metabolic syndrome and obesity, rheumatologic
cancer and diseases [13, 14]. In untreated OSA patients,
HRR is inversely related to OSA severity as expressed by
apnea-hypopnea index (AHI), independently from peak
heart rate and parameters of body composition [15, 16].

Growing evidence suggests that epicardial adipose tissue
(EAT), the visceral fat depot in the heart, plays a critical role
in the activation of the cardiac autonomic nervous system
[17]. EAT is the anatomical site of intrinsic adrenergic and
cholinergic nerves that can adversely influence the auto-
nomic nervous system of the heart through derangements of
extrinsic cardiac sympathetic and parasympathetic activity
[17]. In patients with metabolic syndrome, increased EAT
thickness has been associated with blunted HRR [18, 19]
and further identified as a novel independent cardio-meta-
bolic risk factor [20].

Interestingly, previous studies have reported that EAT and
OSA are related. Chronic intermittent hypoxia could impair
EAT homeostasis [21, 22]. In line, continuous positive air-
way pressure therapy reduces EAT thickness and signifi-
cantly ameliorates cardiovascular parameters in obese OSA
patients [22]. Alternatively, chronic intermittent hypoxia can
stimulate adiposity increasing further fat accumulation in
the neck that contributes to upper airway narrowing, thus
to the severity of OSA. Hence, there may be a bidirectional
relationship between EAT accumulation and OSA severity.

Post-exercise HRR is typically blunted in patients with
OSA [15, 16] and recent reports suggest that excessive accu-
mulation of EAT also affects HRR in patients with metabolic
syndrome [18, 19]. Whether overlap of both conditions may
further impair HRR has not been previously reported. Con-
sidering that OSA and increased EAT thickness can induce
sympathetic over activation, we sought to investigate the
effect of this autonomic dysfunction on HRR. The main

objective of our study was to test whether post-exercise HRR
in severely obese OSA patients (BMI > 30 kg/m?) would be
independently associated with EAT thickness after adjusting
on OSA status. First, we tested whether OSA would influ-
ence aerobic capacity and cardiopulmonary parameters in
a population of severely obese patients. Second, we tested
whether EAT thickness would be independently associated
with HRR in severely obese patients, after having adjusted
on several factors including OSA status.

Patients and methods
Study design and population

All patients received information regarding study proto-
col and main objectives. Oral and written consents were
obtained from all patients and were notified in their medical
file record. This study was conducted in accordance with the
Declaration of Helsinki and approved by appropriate local
Ethics authorities. The study is also registered in the Austral-
ian New Zealand Clinical Trials Registry, (ANZCTR) under
the following allocation number ACTRN12618001487202.
In this cross-sectional study, participants with body mass
index (BMI) > 30 kg/m? were recruited at the out-patient
clinic of the Department of Metabolic Disorders and Obe-
sity of the University Hospital of Martinique, located in
the French Caribbean overseas department of Martinique.
Subjects having heart valve disease, coronary heart dis-
ease, heart failure, chronic obstructive pulmonary diseases,
asthma and other lung diseases, endocrine and acute or
chronic inflammatory processes, rheumatologic diseases,
and having more than 5% change of body mass within the
last 3 months were excluded. Subjects were also excluded
from the study if they were taking medications for lipid
disorder or taking anti-inflammatory drugs, nutritional
supplements, tobacco products (cigarettes, cigars, chewing
tobacco, vapors), or if they consumed an average of more
than ten alcoholic beverages per week. The patients had to
have been physically inactive as defined by the American
College of Sports Medicine’s (ACSM) guidelines (less than
60 min of structured or planned physical activity per week)
within the last 6 months. A medical examination of each
participant was done prior to study inclusion revealing no
contra-indications for cycling exercise. Evaluations were
performed on different days with a 1-week interval between
each evaluation.

Transthoracic echocardiography
Echocardiograms were performed using EPIQ 7C machine

(Philips Healthcare, Suresnes, France) according to standard
technique. Transthoracic echocardiography was performed
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according to the American Society of Echocardiography
guidelines. The biplane method was used to measure LVEF.
Measurements of EAT thickness were obtained from a par-
asternal long axis view. EAT thickness was measured per-
pendicularly to the free wall of the right ventricle, at end
systole, in three cardiac cycles as previously reported [21,
22]. Measurements of EAT thickness were performed offline
by two independent medical doctors. The average value from
three cardiac cycles was used for statistical analysis. Intra-
and inter observer reproducibility for echocardiographic
EAT thickness assessment were excellent (0.96 and 0.94,
respectively).

Polysomnography

A full-night diagnostic polysomnography (Nox A1, ResMed
Corp, San Diego, CA, USA) was performed on each subject.
To determine the stages of sleep, electroencephalogram,
electro-oculogram and electromyogram of the submentalis
were continuously recorded. Oral and nasal airflow, electro-
cardiogram, abdominal and thoracic movements, and pulse
oximetry (SpO,) were also continuously recorded. Air-
flow and electrocardiographic recordings were monitored
by an oro-nasal thermistor placed in front of the nostrils
and the mouth and an online 12-leads electrocardiogram,
respectively. Thoraco-abdominal excursions were measured
qualitatively, using respiratory effort sensors placed over the
ribcage and abdomen (2 channels). In addition, snoring was
detected with a vibration snore sensor (1 channel) and body
posture with a body position sensor (1 channel).

Sleep stage and respiratory event scoring were performed
according to standard criteria by a registered polysomno-
graphic technician blinded to participant status (Noxturnal,
ResMed Corp, San Diego, CA, USA). EEG arousal, AHI
and ODI scoring followed the latest American Academy
of Sleep Medicine Scoring Rules (version 2.2.0). Apnea-
hypopnea index (AHI) and oxygen desaturation index (ODI)
were calculated as total number events per hour of sleep.
Cumulative time percentage with SpO, <90% (CT90) was
defined as the cumulative time spent with SpO, <90% dur-
ing sleep (10:00 p.m.—7:00 a.m.). Moderate to severe OSA
was characterized by an apnea/ hypopnea index (AHI) > 15
events/h by polysomnography.

Cardiopulmonary exercise testing

Cardiopulmonary exercise testing was performed according
to standardized procedures using an electromagnetic braked
cycle ergometer. Exercise protocol involved an initial 3 min
of rest, followed by 2 min of unload cycling with a pro-
gressive increment every minute (10 W/min) until exhaus-
tion, at a pedaling frequency of 60-65 rate/min. Subjects
were continuously monitored using 12-lead ECG (Case,

@ Springer

GE Healthcare, France). Blood pressure was recorded every
2-min. Throughout the exercise session, subjects breathed
through an oro-nasal mask (Hans Rudolf 7450 SeriesV2™
Mask, CareFusion, France).

Breath-by-breath cardiopulmonary data (PowerCube-
Ergo, Ganshorn Medizin Electronic GmbH, Niederlauer,
Germany) were measured at rest, warm up and incremen-
tal exercise testing. Before each test, oxygen (O,) and car-
bon dioxide (CO,) analyzers and flow mass sensor were
calibrated using available precision gas mixture and a 3-L
syringe, respectively. Minute ventilation (Vg), oxygen
uptake (VO,), carbon dioxide output (VCO,) were recorded
as concurrent 10-s moving averages, as was determined ven-
tilation anaerobic threshold by the V-slope method. Ventila-
tory reserve was calculated as (MVV — peak Vp)/MVV X
100, where MVV is maximal voluntary ventilation estimated
as FEV,| multiplied by 35. Peak values were averaged over
the last 30 s of exercise. Patient effort was considered to be
maximal if two of the following occurred: predicted maxi-
mal work is achieved, predicted maximal heart rate (HR) is
achieved, Vg/VO,>45 and RER > 1.10, as recommended by
the statements of the American Thoracic Society (ATS) and
the American College of Chest Physicians (ACCP) in 2013.
At peak exercise, subjects were assessed for Borg-perceived
exertion ratings for both respiratory and leg discomfort.
During the study period, mean values between qualified
replicate tests performed weekly on control subjects were
31+42%,3.4+3.2%,2.1+2.2%, for peak VO,, VCO, and
Vi, respectively. Peak oxygen pulse (O, pulse) was calcu-
lated and was expressed in ml per beat and as percentage
of predicted value by dividing the predicted peak VO, by
predicted peak HR. V/VCO, slope was calculated off-line
as a linear regression function using 10-s averaged values
and excluding the non-linear part of the relationship after
the respiratory compensation point (where non-linear rise in
Vg occurred relative to VCO, in the presence of decreasing
end-tidal pressure of CO,).

Cardiac output was estimated using thoracic bioimped-
ance (Physio Flow, Manatec Biomedical, Paris, France)
during the submaximal exercise tests. Arterio-venous oxy-
gen content difference (D[a-v]O,) was calculated from
cardiac output and VO, using the Fick Principle. The per-
centage of HR reserve used at peak exercise referred to
[(HR 0 — HR)/(220 — age in years — HR )] X 100,
where HR is heart rate. Heart rate recovery (HRR) was
defined as the change in heart rate from peak exercise at
1 min (HRR-1) and 3 min (HRR-3).

Statistical analysis
Statistical analyses were performed using the Statistical

Package for the Social Sciences (SPSS) version 18.0 for
Windows (SPSS, Inc., Chicago, IL). Data are presented
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as mean + standard deviation for continuous variables and
percentages (%) for categorical variables. Normality of the
data was tested using the Kolmogorov—Smirnov test. The
differences among the groups were evaluated using either
unpaired ¢ test or Mann—Whitney test, as the data were
normally distributed or not. Chi-square test was used for
categorical data. The role of key variables associated with
HRR-1 was tested by univariate and multivariate linear
regression. Interaction terms were also tested. Variables with
a p value <0.20 after univariate analysis were included in
the multivariate model (backward stepwise technique). In
addition, HRR-1 was dichotomized according to a cut-off
set at 12 bpm. The new binary variable was coded ‘0’ for
<12 bpm and ‘1’ for > 12 bpm. Univariate and multivariate
logistic regression was carried out to identify independent
predictors. After univariate analysis, variables with signifi-
cant association (p <0.20) with the binary variable were
considered for multivariate analysis (backward stepwise
procedure). The level of statistical significance was set at
p value <0.05.

Results

For study purposes, 96 obese patients were screened pro-
spectively from January 1st 2017 to December 31st 2017.
Among these 96 initial patients, 36 obese adults met
inclusion criteria and were enrolled in the study. Most
of the participants were women (80.6%). Mean age was
41.7 +6.5 years and BMI was 41.7 +6.5 kg/m>. Accord-
ing to nocturnal polysomnography, moderate-severe OSA
(AHI > 15 events/h) was diagnosed in 47.2% of patients,
whereas none had mild OSA (AHI < 15/h). Type 2 diabe-
tes and hypertension were present in 36.1% and 19.4% of
patients, respectively. Mean ventricular ejection fraction was
71.4+6.8% and EAT thickness was 8.5+ 3.1 mm.
Baseline characteristics and cardiopulmonary exercise
test measurements of non-OSA and OSA obese patients
are shown in Table 1. Whereas OSA patients were older
compared to non-OSA patients, sex, type 2 diabetes and
hypertension were similar among groups. Despite similar
BMI, obese OSA patients had higher EAT thickness com-
pared to non-OSA patients. Cardiopulmonary exercise test-
ing data are shown in Table 2. Respiratory exchange ratio
at peak exercise was > 1.0 in all patients. Heart rate at rest,
peak exercise heart rate, age-predicted maximal heart rate,
and percent heart rate reserve used did not differ between
non-OSA and OSA patients. The proportion of patients
not achieving age-predicted peak heart rate of at least 85%
(p=0.74) and a heart rate reserve of at least 80% (p=0.48)
was similar in both groups. Anaerobic threshold was
achieved at 67 + 8% and 70 + 10% of peak VO, (p=0.34) in
non-OSA and OSA patients, respectively. Changes in HRR

Table 1 Characteristics of obese patients according to obstructive
sleep apnea status (n=36)

Non-OSA OSA patients p value
patients (n=17)
(n=19)
Age (year) 38.9+10.1 47.1 £12.0 0.03
Female sex (%) 84.2 76.5 0.68
BMI (kg/m?) 415 +52 419 +7.8 0.85
LVEF (%) 733 +7.2 69.3+5.9 0.08
LVM (g/m?) 75.9+12.9 76.6+17.6 0.88
SWTd (mm) 9.7+1.5 10.9+3.1 0.14
PWTd (mm) 93+£20 102+24 0.23
EJe' ratio 8.7+23 9.7+£2.6 0.24
EAT thickness (mm) 6.6 +1.6 10.7 +2.8 <0.0001
Hemoglobin (gm/ 15117 148 +1.2 0.16
dL)
AHI (events/h) 31+1.0 33.5+252 <0.0001
Arousal index 9.8 £3.1 38.0 £13.1 <0.0001
(events/h)
ODI (events/h) 13.1 +8.7 50.1 £15.3 <0.0001
CT90 (%) 0.1 [0-0.2] 2.5[1.4-7.8] <0.0001
Hypertension (%) 15.8 235 0.68
Type 2 diabetes (%) 21.1 529 0.08
Cigarette smoking 5.2 11.8 0.59
(%)
ACE inhibitors (%) 26.3 17.6 0.69
fB-blocker (%) 10.5 17.6 0.65

Values are either given as counts and percentages, as means + stand-
ard deviation or median [25-75% percentile]

OSA obstructive sleep apnea, BMI body mass index, LVEF left ven-
tricle ejection fraction, LVM left ventricle mass, SW7d end-diastolic
septum wall thickness, PWTd end-diastolic posterior wall thickness,
E early diastolic transmitral flow velocity, e’ early diastolic mitral
annular velocity, EAT epicardial adipose tissue, AHI: apnea hypopnea
index, ODI oxygen desaturation index, CT90 cumulative time per-
centage with SpO, <90%, ACE angiotensin-converting-enzyme

at 1 min and at 3 min were significantly lower in patients
with OSA compared to non-OSA patients. Body weight-
indexed peak VO, was lower in OSA patients. Exercise
blood pressure response was higher in patients with OSA
compared to non-OSA patients. Non-OSA and OSA obese
patients achieved similar rise of cardiac output from base-
line to peak exercise. D[a-v]O, were lower in patients with
OSA compared to non-OSA patients (Table 2). As shown
in Table 3, in univariate analysis by linear regression, lower
HRR-1 was associated with higher age, increased AHI, ODI
and CT90, increased EAT thickness (mm), reduced peak
VO, and type 2 diabetes. No significant interaction was
found between independent predictors. In the multivari-
ate linear regression model, only increased EAT thickness,
increased AHI and type 2 diabetes were independently asso-
ciated with lower HRR-1. For identical AHI value and type
2 diabetes 2 status, HRR significantly decreased by 61.7%
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Table 2 Results from

) . Non-OSA (n=19 OSA (n=17 patients) p value

Car(.hop.ulmonary exercise patients)

testing in obese patients

according to obstructive sleep Peak heart rate (bpm) 156.0 +13.0 151.0 £17.0 0.34

apnea status (n=36) Peak heart rate (% predicted) 86.0 £5.0 89.0 £9.0 0.22
Heart rate reserve used (%) 71.0 £12.0 76.0 £19.0 0.29
HRR 1 min (%) 14.8 +4.0 6.5+19 <0.0001
HRR 3 min (%) 26.0 +5.6 19.4 +5.9 <0.0001
Peak systolic BP (mmHg) 186.0 +25.0 206.0 +£25.0 0.06
Peak diastolic BP (mmHg) 84.0 +18.0 99.0 +16.0 0.02
RER at peak exercise 1.2 +0.1 1.2 +0.1 0.86
Peak VO, (ml/kg/min) 16.1 +£2.7 143 +19 0.03
Peak VO, (% predicted) 73.0 +14.0 70 =12 0.09
Oxygen pulse (ml/beat) 122 +29 10.6 +2.6 0.11
Peak cardiac output (I/min) 169 +1.5 172 +19 0.63
Peak D[a-v]O, (ml/100 ml) 114 +£3.0 89+2.8 0.02
Peak breathing reserve (%) 26.8 +16.5 305+124 0.01
VE/VCO, slope 314 +5.1 31.5+54 0.98

Values are given as counts and percentages or as means + standard deviation

OSA obstructive sleep apnea, bpm: beat per minute, HRR heart rate recovery, BP blood pressure, RER res-
piratory exchange ratio, VO, oxygen uptake, VE expired ventilation, VCO, carbon dioxide pulmonary out-
put, D[a-v]O, arterio-venous oxygen content difference

for every 1 mm increase of EAT volume (p=0.01). In line,
for identical AHI and EAT values, HRR was significantly
impaired, by a factor of 5, for a diabetic obese patient with
obstructive sleep apnea as compared to a non-diabetic one
(p<0.01).

If HRR was treated as a categorical variable, EAT [odds
ratio (OR) 1.78 (95% confidence interval [CI] 1.19-2.66);
p=0.005], and diabetes [OR 8.97 (95% CI 1.16-69.10);
p=0.035] were the only independent predictors of blunted
HRR after multivariate logistic regression.

It is to be further noted that no significant interaction was
described between EAT and AHI or between EAT and noc-
turnal hypoxemia (ODI or CT90) for both linear and logistic
regression models.

Discussion

New findings of our study are twofold. First, we found that
peak exercise VO, and arterio-venous oxygen content dif-
ference D[a-v]O, were reduced in obese OSA patients, sug-
gesting impaired peripheral oxygen extraction. Second, our
results suggest that blunted post-exercise HRR in patients
was related to increased EAT thickness (mm) as evaluated
by trans-thoracic echocardiography. The latter information
is important as both increased EAT thickness and attenuated
HRR are associated with increased risk of cardiovascular
events and all-cause mortality.

Main characteristics of cardiopulmonary exercise test-
ing in obese patients with OSA were reduced peak VO,,
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narrower D[a-v]O, and higher peak diastolic blood pres-
sure compared to non-OSA patients. Previous studies have
yielded contrasting results, with some studies showing no
impairment in peak exercise capacity in OSA patients and
others showing reduced peak exercise capacity compared
to non-OSA patients [23]. In our study, mean difference of
peak VO, between non-OSA and OSA patients was ~ 2 ml
kg~ ! min~!. This is an important observation as increase
of one metabolic equivalent (1-MET is approximately
3.5 ml kg~! min~!) has been associated to ~ 10-25%
improvement in survival [23]. A novel finding in this study
is that D[a-v]O, was lower in OSA patients compared to
non-OSA ones, suggesting tissue oxygen extraction and
utilization defects at peak exercise. Factors that may affect
D[a-v] O, during exercise in OSA have not been studied
in detail. Of note, patients with OSA display abnormal
endothelial function, owing to decreased nitric oxide bio-
availability, increased oxidative stress, systemic inflam-
mation and sympathetic over-activity [24, 25]. Endothe-
lial dysfunction can in turn inhibit peripheral vasodilation
and impair regional blood distribution, which may lead
to peripheral oxygen extraction deficit [24]. Abnormal
capillary density, mitochondrial dysfunction and oxida-
tive stress, induced by intermittent hypoxia episodes in the
skeletal muscle, may also impair tissue oxygen extraction
and/or oxygen utilization in OSA patients [26]. Overall,
we speculated that increased blood pressure response and
oxygen extraction/utilization deficits could be attributed at
least in part to endothelial dysfunction that characterizes
OSA patients.
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Table 3 Association of key variables with HRR-1 in obese patients

Univariate regres- ~ Multivariate
sion* regression**
p pvalue p p value

Age (years) —-0.24 0.17

Male gender —-231 0.31

Body weight (kg) —0.01 0.80

Waist circumference (cm) —-0.08 0.35

BMI (kg/m?) -0.17 0.31

LVEF (%) 0.13 0.45

LVM (g/m?) -0.01 0,81

SWTd (mm) -0.39 0.30

PWTd (mm) —-0.34 0.41

EJe’ ratio —-0.37 0.31

EAT (mm) —-0.60 <0.001 -0.62 0.0l

AHI (events/h) - 0.54 0.001 —-0.07 0.03

ODI (events/h) —-0.16 <0.001

CT90 (%) -0.53 0.016

Peak VO, (ml/kg/min) 0.39 0.02

Peak heart rate (bpm) —-0.15 0.38

Hypertension 0.84 0.71

Type 2 diabetes —5.50 0.001 -459 <0.01

Results of univariate and multivariate linear regression analysis

HRR-1 heart rate recovery at 1 min, BMI body mass index, LVEF
left ventricle ejection fraction, LVM left ventricle mass, SWTd end-
diastolic septum wall thickness, PWTd end-diastolic posterior wall
thickness, E early diastolic transmitral flow velocity, e’ early diastolic
mitral annular velocity, FAT epicardial adipose tissue, AHI apnea
hypopnea index, ODI oxygen desaturation index, CT90 cumulative
time percentage with SpO,<90%, VO, oxygen uptake, HbAlc gly-
cated hemoglobin

*Variables with significant association in univariate analysis (p <0.2)
were considered for multivariate analysis

**Variables entered into the initial multivariate linear model for
HRR-1: age, EAT, AHI, peak VO, and type-2 diabetes. Several inter-
actions were also tested, such as between EAT and AHI

Statistical significance level set at p <0.05

Consistently with most previous studies [15, 16, 27], post-
exercise cardiovascular characteristics of obese patients with
OSA also included blunted HRR, despite similar age-pre-
dicted maximum heart rate and maximal heart rate reserve
utilization. In OSA patients, mechanisms for attenuated HRR
include impaired parasympathetic tone reactivation as well
as slower withdrawal of sympathetic influence after exercise
[15, 16, 27]. On the other hand, OSA often co-exists with
obesity and metabolic syndrome, which are conditions also
known to induce autonomic dysfunction and impaired HRR.
It has become evident that anatomical distribution of adipose
tissue at the epicardial site (EAT) is crucial for the develop-
ment of deleterious implications of obesity, predisposing
to cardiovascular diseases [17]. Specifically, several studies
have demonstrated a close relationship between EAT and

cardiac autonomic function [19, 28]. Accumulation of EAT
has been shown to determine cardiac autonomic dysfunc-
tion through additive production of catecholamines within
EAT and derived from the sympathetic nervous system [29].
Consistently with previous reports [28, 29], we found that
blunted HRR-1 in patients was related to EAT thickness as
evaluated by trans-thoracic echocardiography. Interestingly,
after multivariate linear regression, we found that increased
EAT thickness and AHI, as well as type 2 diabetes, were
independent predictors of blunted HRR in obese patients,
suggesting that both EAT and AHI participate in cardiac
autonomic dysfunction.

In obese individuals, fat deposits in any part of the upper
airway, increasing the total volume of soft tissue within the
maxilla-mandibular enclosure, narrowing the pharynx and
increasing the collapsibility of the upper airways, thereby
predisposing to OSA. Chronic intermittent hypoxia, elic-
ited by OSA episodes, represents a key event that has been
shown to influence function of adipocytes and appears to
be a key factor in adipocyte dysfunction, proliferation and
hypertrophy [30]. As such, adiposity is stimulated increasing
further fat accumulation in the neck that contributes to upper
airway narrowing, and thus to OSA severity. Nevertheless,
while the causal link between EAT accumulation and cardiac
autonomic dysfunction is clear, it remains unknown whether
nocturnal hypoxemic burden contributes to the generation of
epicardial fat in OSA patients.

Our study suggests that HRR at the first minute is blunted
in obese patients with severe OSA. Previous studies that
have examined HRR in OSA also concluded that only obese
patients with OSA have an attenuated HRR [15, 16, 27]. A
key question is hence whether HRR in OSA is of any clini-
cal value. Clinical significance of HRR-1 is supported by
findings showing that attenuated HRR-1 is a powerful inde-
pendent predictor of cardiovascular and all-cause mortality
both in health and patient populations [13]. Overall, HRR-1
should be considered as a clinical tool to evaluate global
risk in OSA.

Study limitation

This study has several limitations. Our study is first lim-
ited by a small sample size of obese participants. Second,
there are several limitations to the measurement of EAT
thickness by transthoracic echocardiography, technique
which only partially measures EAT. In contrast, both EAT
thickness and volume can be more precisely and accurately
measured by cardiac computed tomography and magnetic
resonance imaging than by echocardiography. However,
EAT measurement by echocardiography has the advan-
tage of being an easy and readily available technique in
our local setting, all while being a validated technique
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with excellent reproducibility. High fidelity of EAT with
measurements obtained from magnetic resonance imag-
ing have been reported. These characteristics are welcome
regarding the purely observational purpose of our clini-
cal study. Third, echocardiography as applied technique
to assess fat tissue surrounding the heart may not be able
to distinguish epicardial adipose tissue that adheres to the
outside of the myocardium and pericardial fat adhering to
the pericardium. Likewise, distinction between atrial and
ventricular epicardial fat deposits was not made during
our study. Owing to their local (direct) cardiac effects,
atrial and ventricular epicardial fat can differentially
impact atrial and ventricular structure and function. In
particular, elective accumulation of EAT surrounding the
atria, instead of the entire heart, may be responsible for
autonomic dysfunction and atrial fibrillation. Fourth, we
did not include a group of control patients. Furthermore,
autonomic measurements and power spectrum analysis of
HR variability during exercise and post-exercise recovery
period were not performed in our study. It was, however,
our objective to use noninvasive and relatively simple pro-
cedures such as HRR to evaluate cardiac autonomic dys-
function in our patients. Finally, our study was performed
at a single tertiary-care health-screening center. As such,
potential biases with respect to study population sampling
may have existed.

Conclusion

Aerobic capacity and peak exercise D[a-v]O2 are impaired
in obese OSA patients, suggesting abnormal peripheral oxy-
gen extraction. Thickness of EAT is an independent marker
of post-exercise HRR, which is a noninvasive marker of
autonomic nerve dysfunction accompanying poor cardio-
vascular prognosis in obese patients. Consistently with what
is described in medical literature, AHI and type 2 diabetes
were also significantly associated to post-exercise HRR in
our study.

Our report may set precedence for the use of HRR follow-
ing sub-maximal exercise and EAT (measured by echocardi-
ography) as index of autonomic nerve activity derangement.
This may help determine noninvasive prognosis for obese
patients with OSA.

Acknowledgements This work was supported by a grant from the
Clinical Research and Innovation Unit (DRCI) of the University Hos-
pital of Martinique (2016).

Compliance with ethical standards

Conflict of interest The authors report no relationships that could be
construed as a conflict of interest.

@ Springer

References

1. Guarino D, Nannipieri M, lervasi G, Taddei S, Bruno RM (2017)
The role of the autonomic nervous system in the pathophysiol-
ogy of obesity. Front Physiol 8:665. https://doi.org/10.3389/fphys
.2017.00665

2. Baguet JP, Barone-Rochette G, Tamisier R, Levy P, Pépin JL
(2012) Mechanisms of cardiac dysfunction in obstructive sleep
apnea. Nat Rev Cardiol 9:679—-688. https://doi.org/10.1038/nrcar
dio.2012.141

3. Parati G, Lombardi C, Castagna F, Mattaliano P, Filardi PP, Ago-
stoni P, Italian Society of Cardiology (SIC) (2016) Heart failure
and sleep disorders. Nat Rev Cardiol 13:389-403. https://doi.
org/10.1038/nrcardio.2016.71

4. Floras JS (2018) Sleep apnea and cardiovascular disease: an
enigmatic risk factor. Circ Res 122:1741-1764. https://doi.
org/10.1161/CIRCRESAHA.118.310783

5. Tafelmeier M, Weizenegger T, Ripfel S et al (2018) Postoperative
complications after elective coronary artery bypass grafting sur-
gery in patients with sleep-disordered breathing. Clin Res Cardiol
107:1148-1159. https://doi.org/10.1007/s00392-018-1289-0

6. Reuter H, Herkenrath S, Treml M et al (2018) Sleep-disordered
breathing in patients with cardiovascular diseases cannot be
detected by ESS, STOP-BANG, and Berlin questionnaires. Clin
Res Cardiol 107:1071-1078. https://doi.org/10.1007/s0039
2-018-1282-7

7. Omran H, Bitter T, Horstkotte D, Oldenburg O, Fox H (2018)
Characteristics and circadian distribution of cardiac arrhythmias
in patients with heart failure and sleep-disordered breathing.
Clin Res Cardiol 107:965-974. https://doi.org/10.1007/s0039
2-018-1269-4

8. Desteghe L, Hendriks JML, McEvoy RD et al (2018) The why,
when and how to test for obstructive sleep apnea in patients with
atrial fibrillation. Clin Res Cardiol 107:617-631. https://doi.
org/10.1007/s00392-018-1248-9

9. Strotmann J, Fox H, Bitter T et al (2018) Characteristics of
sleep-disordered breathing in patients with atrial fibrillation and
preserved left ventricular ejection fraction. Clin Res Cardiol
107:120-129. https://doi.org/10.1007/s00392-017-1163-5

10. Nakamura S, Asai K, Kubota Y, Murai K et al (2015) Impact
of sleep-disordered breathing and efficacy of positive airway
pressure on mortality in patients with chronic heart failure and
sleep-disordered breathing: a meta-analysis. Clin Res Cardiol
104:208-216. https://doi.org/10.1007/s00392-014-0774-3

11. Cholidou KG, Manali ED, Kapsimalis F et al (2015) Heart rate
recovery post 6-minute walking test in obstructive sleep apnea:
cycle ergometry versus 6-minute walking test in OSA patients.
Clin Res Cardiol 103:805-815. https://doi.org/10.1007/s0039
2-014-0721-3

12. Okutucu S, Karakulak UN, Aytemir K, Oto A (2011) Heart rate
recovery: a practical clinical indicator of abnormal cardiac auto-
nomic function. Expert Rev Cardiovasc Ther 9:1417-1430. https
://doi.org/10.1586/erc.11.149

13. Qiu S, Cai X, Sun Z et al (2017) Heart rate recovery and risk of
cardiovascular events and all-cause mortality: a meta-analysis of
prospective cohort studies. J Am Heart Assoc 6:¢005505. https://
doi.org/10.1161/JAHA.117.005505

14. Arab C, Vanderlei LCM, da Silva Paiva L et al (2018) Cardiac
autonomic modulation impairments in advanced breast cancer
patients. Clin Res Cardiol 107:924-936. https://doi.org/10.1007/
$00392-018-1264-9

15. Maeder MT, Ammann P, Schoch OD et al (2010) Determinants
of postexercise heart rate recovery in patients with the obstruc-
tive sleep apnea syndrome. Chest 137:310-317. https://doi.
org/10.1378/chest.09-1424


https://doi.org/10.3389/fphys.2017.00665
https://doi.org/10.3389/fphys.2017.00665
https://doi.org/10.1038/nrcardio.2012.141
https://doi.org/10.1038/nrcardio.2012.141
https://doi.org/10.1038/nrcardio.2016.71
https://doi.org/10.1038/nrcardio.2016.71
https://doi.org/10.1161/CIRCRESAHA.118.310783
https://doi.org/10.1161/CIRCRESAHA.118.310783
https://doi.org/10.1007/s00392-018-1289-0
https://doi.org/10.1007/s00392-018-1282-7
https://doi.org/10.1007/s00392-018-1282-7
https://doi.org/10.1007/s00392-018-1269-4
https://doi.org/10.1007/s00392-018-1269-4
https://doi.org/10.1007/s00392-018-1248-9
https://doi.org/10.1007/s00392-018-1248-9
https://doi.org/10.1007/s00392-017-1163-5
https://doi.org/10.1007/s00392-014-0774-3
https://doi.org/10.1007/s00392-014-0721-3
https://doi.org/10.1007/s00392-014-0721-3
https://doi.org/10.1586/erc.11.149
https://doi.org/10.1586/erc.11.149
https://doi.org/10.1161/JAHA.117.005505
https://doi.org/10.1161/JAHA.117.005505
https://doi.org/10.1007/s00392-018-1264-9
https://doi.org/10.1007/s00392-018-1264-9
https://doi.org/10.1378/chest.09-1424
https://doi.org/10.1378/chest.09-1424

Clinical Research in Cardiology (2019) 108:1226-1233

1233

16.

17.

18.

19.

20.

21.

22.

23.

Kline CE, Crowley EP, Ewing GB et al (2013) Blunted heart rate
recovery is improved following exercise training in overweight
adults with obstructive sleep apnea. Int J Cardiol 67:1610-1615.
https://doi.org/10.1016/j.jjcard.2012.04.108

Gaborit B, Sengenes C, Ancel P, Jacquier A, Dutour A (2017)
Role of epicardial adipose tissue in health and disease: a matter
of fat? Compr Physiol 7:1051-1082. https://doi.org/10.1002/cphy.
c160034

Kim MK, Tanaka K, Kim MJ et al (2010) Epicardial fat tissue:
relationship with cardiorespiratory fitness in men. Med Sci Sports
Exerc 42:463-469. https://doi.org/10.1249/MSS.0b013e3181
b8b1f0

Sengul C, Duman D (2011) The association of epicardial fat thick-
ness with blunted heart rate recovery in patients with metabolic
syndrome. Tohoku J Exp Med 224:257-262

Akoumianakis I, Antoniades C (2017) The interplay between
adipose tissue and the cardiovascular system: is fat always bad?
Cardiovasc Res 113:999-1008. https://doi.org/10.1093/cvr/cvx11
1

Mariani S, Fiore D, Barbaro G et al (2013) Association of epi-
cardial fat thickness with the severity of obstructive sleep apnea
in obese patients. Int J Cardiol 167:2244-2249. https://doi.
org/10.1016/j.ijcard.2012.06.011

Barone-Rochette G, Vivodtzev I, Tamisier R et al (2015) Left
ventricular remodeling and epicardial fat volume in obese patients
with severe obstructive sleep apnea treated by continuous posi-
tive airway pressure. Int J Cardiol 179:218-219. https://doi.
org/10.1016/j.ijcard.2014.11.023

Mendelson M, Marillier M, Bailly S et al (2018) Maximal exer-
cise capacity in patients with obstructive sleep apnoea syndrome:

24.

25.

26.

217.

28.

29.

30.

a systematic review and meta-analysis. Eur Respir J 51 Pii:
1702697. https://doi.org/10.1183/13993003.02697-2017

Hoyos CM, Melehan KL, Liu PY, Grunstein RR, Phillips CL
(2015) Does obstructive sleep apnea cause endothelial dysfunc-
tion? A critical review of the literature. Sleep Med Rev 20:15-26.
https://doi.org/10.1016/j.smrv.2014.06.003

Wang J, Yu W, Gao M, Zhang F, Gu C, Yu Y, Wei Y (2015)
Impact of obstructive sleep apnea syndrome on endothelial func-
tion, arterial stiffening, and serum inflammatory markers: An
updated meta-analysis and metaregression of 18 studies. ] Am
Heart Assoc 4:¢002454. https://doi.org/10.1161/JAHA.115.00245
4

Gea J, Casadevall C, Pascual S, Orozco-Levi M, Barreiro E (2012)
Respiratory diseases and muscle dysfunction. Expert Rev Respir
Med 6:75-90. https://doi.org/10.1586/ers.11.81

Hargens TA, Guill SG, Zedalis D, Gregg JM, Nickols-Richardson
SM, Herbert WG (2008) Attenuated heart rate recovery following
exercise testing in overweight young men with untreated obstruc-
tive sleep apnea. Sleep 31:104—-110

Zhou Q, Zhang L, Wang K et al (2014) Effect of interconnec-
tion between cervical vagus trunk, epicardial fat pad on sinus
node function, and atrial fibrillation. Pacing Clin Electrophysiol
37:356-363. https://doi.org/10.1111/pace.12265

Parisi V, Rengo G, Perrone-Filardi P et al (2016) Increased epi-
cardial adipose tissue volume correlates with cardiac sympathetic
denervation in patients with heart failure. Circ Res 118:1244—
1253. https://doi.org/10.1161/CIRCRESAHA.115.307765
Trayhurn P (2013) Hypoxia and adipose tissue function and dys-
function in obesity. Physiol Rev 93:1-21. https://doi.org/10.1152/
physrev.00017.2012

@ Springer


https://doi.org/10.1016/j.ijcard.2012.04.108
https://doi.org/10.1002/cphy.c160034
https://doi.org/10.1002/cphy.c160034
https://doi.org/10.1249/MSS.0b013e3181b8b1f0
https://doi.org/10.1249/MSS.0b013e3181b8b1f0
https://doi.org/10.1093/cvr/cvx111
https://doi.org/10.1093/cvr/cvx111
https://doi.org/10.1016/j.ijcard.2012.06.011
https://doi.org/10.1016/j.ijcard.2012.06.011
https://doi.org/10.1016/j.ijcard.2014.11.023
https://doi.org/10.1016/j.ijcard.2014.11.023
https://doi.org/10.1183/13993003.02697-2017
https://doi.org/10.1016/j.smrv.2014.06.003
https://doi.org/10.1161/JAHA.115.002454
https://doi.org/10.1161/JAHA.115.002454
https://doi.org/10.1586/ers.11.81
https://doi.org/10.1111/pace.12265
https://doi.org/10.1161/CIRCRESAHA.115.307765
https://doi.org/10.1152/physrev.00017.2012
https://doi.org/10.1152/physrev.00017.2012

	Epicardial fat accumulation is an independent marker of impaired heart rate recovery in obese patients with obstructive sleep apnea
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Patients and methods
	Study design and population
	Transthoracic echocardiography
	Polysomnography
	Cardiopulmonary exercise testing
	Statistical analysis

	Results
	Discussion
	Study limitation
	Conclusion
	Acknowledgements 
	References


