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Abstract
Objective The study aimed to evaluate whether the inflam-
matory marker “high-sensitivity C-reactive protein (hsCRP)”
level was associated with impaired heart rate recovery at
1 min after exercise termination (HRR-1) in middle-aged
patients with severe obstructive sleep apnea (OSA).
Methods Thirty middle-aged male patients (40–64 years
old) with severe OSA (apnea–hypopnea index [AHI]≥
30 h−1) and 30 subjects without OSA (AHI<5 h−1),
matched with age and body mass index (BMI), were
recruited. All subjects underwent an overnight polysom-
nography and completed a symptom-limited maximal
exercise test. Cardiopulmonary parameters included peak
oxygen consumption (VO2peak) and heart rate response
during and immediately after exercise. Fasting blood
samples were drawn for hsCRP analysis.
Result Patients with severe OSA had significantly higher
hsCRP levels (0.18 vs. 0.07 mg/dl, P<0.01), lower reduced

HRR-1, peak heart rate, and VO2peak values than those in
the controls. The hsCRP levels significantly correlated with
HRR-1 in the OSA group (r=−0.69, P<0.01) after
adjustment for VO2peak (r=−0.66, P<0.01). Furthermore,
stepwise multiple regression analysis showed that HRR-1
and AHI were significant predictors of hsCRP levels in all
participants (adjusted R2=0.53, P<0.01).
Conclusions Blunted HRR was shown in middle-aged men
with severe OSA, and it was associated with high hsCRP
levels significantly.

Keywords Chronotropic incompetence . Heart rate
recovery (HRR) . Inflammatory marker . Obstructive sleep
apnea (OSA)

Introduction

Culminated evidence indicates that obstructive sleep apnea
(OSA) is associated with metabolic and cardiovascular
abnormalities [1]. The underlying mechanisms linking OSA
and cardiovascular disease have not been clearly elucidated.
However, unique features of OSA, including intermittent
hypoxia and sleep fragmentation from sleep, have been
proposed to initiate many pathophysiologic processes that
promote cardiovascular disease, such as increased sympa-
thetic activation [2], altered cardiovascular variability [3],
and low-grade inflammation [4]. The pathophysiological
hallmark of OSA, chronic sympathetic hyperactivity, has
also been reported to play an important role in the
pathogenesis of left ventricular dysfunction [5].

Slow heart rate recovery (HRR) has been reported to be
important in predicting mortality in healthy individuals [6]
and heart failure [7]. HRR after exercise is mediated by a
combination of sympathetic withdrawal and parasympa-
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thetic reactivation, primarily by vagal reactivation [8]. HRR
at 1 min after exercise termination (HRR-1) was thus used as a
simple measure indicative of decreased autonomic nervous
system activity [9]. There is emerging evidence that
autonomic nervous system function is related to inflamma-
tion [10–12]. Some studies have shown that decreased HRR-
1 was associated with high high-sensitivity C-reactive
protein (hsCRP) levels in elderly individuals [13] and in
unselected patients [9]. The concept of “inflammatory
reflex” has been proposed to elucidate the association
between impaired HRR-1 and CRP levels, which refers to
vagus nerve stimulation that can modulate inflammatory
cytokines through the cholinergic anti-inflammatory pathway
[14]. In other words, the nervous system can reflexively
regulate the inflammatory response, just as it controls heart
rate and other vital functions [14].

OSA has been reported to be associated with increased
circulating levels of hsCRP [15]. Several studies have
demonstrated an association between HRR-1 and the
severity of OSA for young men [16, 17]. In addition,
continuous positive airway pressure (CPAP) treatment has
been shown to result in an improvement in HRR in OSA
[18]. However, whether the elevated hsCRP level is
associated with the impaired HRR-1 in middle-aged men
with OSA who did not have cardiovascular diseases,
diabetes, or very overweight or obesity is still not clear.
Studies in this age group have provided divergent results
whether or not HRR is impaired in OSA [19, 20].

Therefore, the aim of this study was to test our
hypothesis that heart rate response to exercise and recovery
may be blunted in middle-aged patients with severe OSA
and elevated hsCRP level may associate with impaired
HRR.

Methods

Participants

Male patients with the age range of 40–65 years who were
referred to the Center of Sleep Disorder of National Taiwan
University Hospital for evaluation of sleep apnea were
prospectively recruited in this study since September 2007.
The consecutive participants were newly diagnosed severe
OSA with whole-night polysomnography (PSG) (apnea–
hypopnea index (AHI) of ≥30 h−1) were recruited. The
control group were age- (±3 years), weight- (±3 kg), and
height-matched (±5 cm) subjects without OSA (AHI<
5 h−1). Control subjects were recruited from patients who
were referred to a sleep laboratory of snoring, sleep
disturbance, or excessive daytime sleepiness and confirmed
without OSA. The exclusion criteria were as follows:
subjects treated with negative chronotropic drugs (i.e., β-

blockers, amiodarone, verapamil, or diltiazem), glucose-
lowering drugs (i.e., metformin), lipid-lowering drugs (i.e.
statin), and those with a history of coronary artery disease
or other manifestations of atherosclerosis, heart failure,
renal failure, diabetes mellitus, or any conditions that may
limit exercise capacity (e.g., osteoarthritis). In addition,
they were excluded if they had any missing value of our
primary measures. All participants have never been treated
for OSA. We determined that a target sample size of 30
participants per group was needed to provide a power of
0.80 at an alpha level of 0.05 according to data from a
previous study [17]. The study was approved by the
Institutional Ethics Committee of the National Taiwan
University Hospital (NCT00813852), and all subjects
provided their written informed consent prior to enrolment.

Diagnosis of OSA

Full-night PSG (Embla N7000, Medicare Flaga, Reykjavik,
Iceland) was performed in the sleep laboratory following
the protocol as previously described [21]. The sleep stage
and respiratory event was scored according to the American
Academy of Sleep Medicine standard [22]. Briefly, apnea
was defined as the absence of airflow ≥10 s and hypopnea
was a ≥50% decrease in airflow ≥10 s associated with
reduced arterial oxygen saturation in ≥3% or an arousal.
The oxygen desaturation index (ODI) was defined as the
amount of reduction in arterial oxygen saturation (SaO2)
in 4%/h. All of the sleep studies were analyzed by the
same investigator to maximize interscorer and intrascorer
reliability.

The level of daytime sleepiness was assessed using the
Epworth sleepiness scale in the morning after nocturnal
PSG. Normal values ranged from 2 to 10, with scores >10
indicating daytime sleepiness [23].

High-sensitivity C-reactive protein

A venous blood sample was collected from the antecubital
vein the next morning of PSG while the patient was in a
supine position. Measurement of hsCRP levels were carried
out using the CRP-Latex (II) immunoturbidimetric assay kit
(Denka Seiken, Tokyo, Japan) on a Hitachi 911 immunoa-
nalyzer (Roche Diagnostics, Indianapolis, IN, USA). This
assay has a minimal detectable concentration of 0.03 mg/L
and a total imprecision of 5.1% and 2.5% at concentrations
of 0.2 and 1.9 mg/L, respectively [24]. All testing was
performed by personnel blinded to clinical outcomes.

Vital signs and body composition measurements

Upon arrival at the laboratory, subjects rested in a chair for
5 min at least before heart rate and blood pressure were
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taken. The hypertensive patients were defined as those
whose resting blood pressures are ≥140/90 mmHg or who
reported the use of antihypertensive medication, such as
diuretics, calcium channel blockers, angiotensin-converting
enzyme inhibitors, and angiotensin II receptor antagonist.

Weight was measured to the nearest 0.5 kg on a calibrated
scale, and height was determined using a wall-mounted
stadiometer. Bodymass index (BMI) was calculated as weight
(in kilograms) divided by height (in meters) squared.

Body composition was then measured by a bioelectri-
cal impedance analyzer (BIA) (Maltron BioScan 920,
Esgender, UK) using an 800-μA current at a frequency
of 50 kHz. The subjects were asked to lie in the supine
position on a nonconducting surface for 5 min with their
arms abducted away from their trunk and their legs
slightly separated. Four surface electrodes and cables
were attached to subject’s right hand and ankle, as shown
in the user’s manual. When the measurements had
stabilized, the analyzer calculated the percentage of body
fat directly from the equation and displayed the value.
Previous studies have demonstrated excellent test–retest
reliability for BIA-obtained measurements, with correla-
tion coefficients ranging from 0.96 to 0.99 for resistance
measurements [25]. Hydrostatic weighing and BIA-
predicted correlation coefficients range from 0.71 to
0.93, with standard errors of estimate ranging from 2.7%
to 4.7% body fat [25, 26]. In addition, a good level of
agreement between BIA and dual X-ray absorptiometry in
estimating the percentage of body fat among Singapore
Chinese adults was reported [27].

Cardiopulmonary exercise test

Each subject performed a symptom-limited maximal exer-
cise test with continuous electrocardiographic monitoring
following an initial practice session on a cycle ergometer on
the same day. All participants were encouraged to exercise
until exhaustion. The criteria for termination were adopted
from the recommendations by the American College of
Sports Medicine [28], including the subject’s desire to stop
or evidence of ischemia or hypertensive response. In
addition, various criteria have also been suggested to
confirm that a maximal effort has been elicited during
graded exercise, such as failure of heart rate to increase
with further increase in exercise intensity, a plateau in
oxygen uptake with increased workload, or a respiratory
exchange ratio >1.1 [28]. The graded exercise protocol
consisted of 3-min stages, starting at 25 W with a 25-W
increment at each successive stage, while maintaining a
pedaling rate of 50–60 rpm. After attaining maximal
exercise, a cool-down exercise protocol consisting of
3 min at 25 W was performed. Heart rate was measured
1 min after exercise cessation while the subjects sat upright

to calculate HRR-1. The value for HRR-1 was defined as
the reduction in heart rate from the rate at peak exercise to
the rate 1 min after the cessation of exercise (HRR-1) [6].
The intraclass correlation coefficients of HRR after 1, 2, 3,
and 5 min of exercise cessation were 0.58–0.61 [29].

Modified Borg effort scales (out of 10) for evaluating the
intensity of both dyspnea and leg discomfort were recorded
at peak exercise. Respiratory gas exchange measurements,
including peak ventilation (VEpeak) and oxygen consump-
tion (VO2peak), were obtained during exercise using a
computer-controlled, breath-by-breath metabolic measure-
ment system (Vmax29 Metabolic Measurement System;
SensorMedics, Anaheim, CA, USA). The tester was
blinded to the results of biochemical analysis.

Exercise capacity was expressed as peak VO2 indexed to
body weight (per milliliter per kilogram/minute) and peak
VO2 indexed to fat-free mass (per milliliter per kilogram/
minute). The respiratory exchange ratio, defined as VCO2

divided by VO2, was determined at peak exercise. The
anaerobic threshold was determined by the V-slope method.
The breathing reserve was defined as [1−(VE/MVV)]×100.

For assessment of the chronotropic response, peak heart
rate (HRpeak) was expressed as the percentage of HRpredicted,
where age-predicted heart rate was defined as 220 minus the
subject’s age (in years). Chronotropic incompetence was
defined as failure to achieve at least 85% of HRpredicted or
failure to use 85% of heart rate reserve during exercise [30].
Abnormal HRR was defined as heart rate declines
of ≤13 bpm in the first minute after exercise for cycle
exercise protocols that employed a cool-down period [31].

Data analysis and statistics

Statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS) v.13 for Windows
(SPSS Inc., Chicago, IL, USA). Normal distribution of data
was assured by the use of the Shapiro–Wilk test. The
skewed data were log transformed and analyzed by
parametric statistics if normality test was passed. Other-
wise, nonparametric statistics were used. Continuous
variables were expressed as means±standard deviations,
and categorical variables as numbers and percentages.
Between-group comparisons at baseline were performed
using independent Student’s t test, Mann–Whitney U test,
or chi-squared test. The differences of exercise test
parameters between the two groups were examined using
a general linear model while controlling for age and BMI.
Pearson’s correlation was first used to examine the
associations among the variables and partial correlation
analysis was performed, adjusted by peak oxygen con-
sumption for each group. The stepwise multiple regression
analysis was used to determine the significant predictors of
log-transformed hsCRP in all participants and in the severe
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OSA group by including those variables in Pearson’s
correlation analysis. The α value was set at 0.05.

Results

There were 67 men who participated in this study, and 7
subjects (3 in the OSA group and 4 in the control group)
were excluded for lack of hsCRP results. Therefore, the
results of 60 men were included in the analysis. Table 1
shows the basic demographic characteristics, sleep exami-
nation results, and hsCRP levels of the patients with severe
OSA and controls. The two groups were matched for age
and anthropometric characteristics. Significantly higher
values of ESS, AHI, ODI, arousal index, and blood
pressure were observed in the severe OSA group than in
the control group (P<0.05). However, both systolic and
diastolic blood pressures were considered “normal” based
on the most recent American Heart Association recom-
mendations [32]. In addition, the numbers of participants
with hypertension were also not significantly different
between the two groups (P>0.05). The average and lowest
SaO2 in the severe OSA group were significantly lower
than those in the control group (P<0.001). The hsCRP
levels were significantly higher in the severe OSA group
(0.18 mg/dl; ranges, 0.05–0.42 mg/dl) than in the control
group (0.07 mg/dl; ranges, 0.02–0.25 mg/dl) (P<0.05).

All subjects completed the exercise tests to exhaustion
without complications. Exercise capacity was significantly

reduced in the severe OSA group, with lower VO2peak,

VO2peak index to fat-free mass, and peak work rate
achieved (P<0.05). HRpeak, HRpeak in percentage of
HRpredicted, and HRR-1 were also lower in the OSA group
(P<0.05) (Table 2). However, O2 pulse and ventilatory
variables (VEpeak and breathing reserve) were not signifi-
cantly different between the two groups (P>0.05). In
addition, subjective reasons for exercise termination
assessed by the modified Borg scale for evaluation of both
dyspnea and leg effort were not different between the two
groups (P>0.05).

The Pearson’s correlation coefficients of log-transformed
hsCRP levels and various parameters in all participants and
each group are provided in Table 3. Log-transformed hsCRP
levels were positively correlated with AHI (r=0.53,
P<0.01), ODI, arousal index, smoking status, and mean
arterial blood pressure (MAP), and it was negatively
correlated with HRR-1 (r=−0.69, P<0.01), VO2peak, SaO2,
and sleep efficiency in all participants. The log-transformed
hsCRP levels was significantly associated with HRR-1 only
in the OSA group (r=−0.69, P<0.01) (Table 3, Fig 1a), but
associated with smoking status (r=0.36, P<0.05), HRR-1
(r=−0.52, P<0.01), and VO2peak (r=−0.47, P<0.01) in the
control group (Table 3, Fig 1b). Partial correlation analysis
was performed to find out the real relationship between log-
transformed hsCRP and HRR-1 by controlling VO2peak. The
significant correlation still existed in the OSA group
(r=−0.66, P<0.01), but no longer in the control group
(r=−0.33, P=0.08) (Fig 2).

OSA group (n=30) Control group (n=30) P value

Age (years) 50.5±5.7 49.9±6.8 0.744

Current smokera 13 8 0.176

Hypertensiona 8 5 0.222

Body weight (kg) 75.3±6.7 73.0±7.5 0.219

Body height (cm) 168.6±5.1 168.1±4.3 0.683

BMI (kg/m2) 26.54±2.40 25.87±2.59 0.303

Body fat (%) 24.5±6.3 22.2±4.8 0.108

Epworth sleepiness scale 11.4±3.8 7.7±2.9 <0.001

AHI (h−1) 48.4±17.3 2.7±1.3 <0.001

ODI (h−1) 44.4±20.2 2.4±1.1 <0.001

Lowest SpO2 (%) 70.7±9.0 86.4±5.9 <0.001

%TSpO2<90% (%) 20.6±22.9 0.1±0.2 <0.001

Arousal index (h−1) 10.7±9.6 4.7±2.4 <0.001

Sleep efficiency (%) 85.8±9.5 93.3±3.5 <0.001

Resting heart rate (bpm) 78.0±4.4 76.8±5.0 0.341

Systolic blood pressure (mmHg) 129.5±7.4 121.1±8.0 <0.001

Diastolic blood pressure (mmHg) 83.3±7.8 77.5±5.0 0.001

Mean blood pressure (mmHg) 98.7±7.4 92.1±5.4 <0.001

hsCRP (mg/dl)b 0.18 (0.05–0.42) 0.07 (0.02–0.25) <0.001

Log-transformed hsCRP (mg/dl) −0.78±0.26 −1.14±0.28 <0.001

Table 1 Patient characteristics
and baseline measurements

Values are indicated as group
means±standard deviation

AHI apnea-hypopnea index,
ODI oxygen desaturation index,
% TspO2 < 90%, percentage
of duration of saturation below
90%
aValue is presented in numbers,
and between-groups comparison
was made by chi-squared test
b Value is presented in median
(ranges), and between-groups
comparison was made by Mann–
Whitney U test

632 Sleep Breath (2012) 16:629–637



In the stepwise multiple regression analysis which
included all participants, predictors of log-transformed
hsCRP levels included HRR-1 (β=−0.54, P<0.001) and
AHI (β=0.30, P=0.005, adjusted R2=0.531) (Table 4). In
the stepwise multiple regression analysis of the solely
severe OSA group, the predictors of log-transformed
hsCRP levels would only be HRR-1 (β=−0.69, P<0.001,
adjusted R2=0.462) (Table 4).

Discussion

In this study, we found that patients with severe OSA
exhibited higher hsCRP levels, slower HRR-1, and a lower
cardiopulmonary capacity (VO2peak) than those in the
control group. Moreover, there was a significant correlation
between hsCRP and HRR-1 in the OSA group. The present
study consisted of a well-matched non-OSA control group,

Table 2 Cardiopulmonary exercise test results

OSA group (n=30) Control group (n=30) P value

Workpeak (W) 125.7±19.7 138.7±23.7 0.025

VO2peak (ml−1 kg−1 min−1) 25.03±3.97 27.73±2.80 0.003

VO2peak index (ml−1 kg−1 min−1)a 33.24±6.04 35.94±3.14 0.043

VO2AT (ml−1 kg−1 min−1) 12.66±2.34 13.53±2.22 0.144

HRpeak (bpm) 153.1±10.5 164.9±15.4 0.001

% of HRpeak predicted 90.3±5.9 97.0±8.7 <0.001

HRR-1 (bpm) 19.7±4.5 25.0±5.8 <0.001

O2 pulse (ml beat−1) 12.7±1.8 12.1±1.6 0.134

VEpeak (L min−1) 77.0±9.0 75.8±8.3 0.568

Breathing reserve (%) 37.4±8.0 37.3±6.1 0.957

Respiratory exchange ratio 1.23±0.08 1.27±0.10 0.097

Intensity of dyspneab 7.6±0.6 7.3±0.7 0.154

Intensity of leg effortb 8.2±0.6 8.0±0.7 0.287

Values are indicated as group means±standard deviation. Group comparison was made by a general linear model controlling for age and BMI

VO2peak peak oxygen consumption, VO2AT oxygen consumption at anaerobic threshold, HRpeak peak heart rate achieved at peak exercise intensity,
HRpredicted age-predicted maximal heart rate, HRR-1 heart rate recovery at 1 min after exercise termination, VEpeak minute ventilation at peak
exercise
a VO2peak index was peak oxygen consumption divided by fat-free mass in kilograms assessed by bioelectrical impedance analysis
b Analyzed by Mann–Whitney U test

Variables Total (n=60) OSA (n=30) CTN (n=30)

r P value r P value r P value

Age (years) 0.08 0.557 −0.02 0.924 0.13 0.501

BMI (kg/m2) 0.20 0.125 0.22 0.238 0.09 0.630

Smoking statusa 0.28 0.031 0.09 0.624 0.36 0.048

HRR-1 (bpm) −0.69 <0.001 −0.69 <0.001 −0.52 0.003

VO2peak (ml−1 kg−1 min−1) −0.48 <0.001 −0.27 0.144 −0.47 0.009

VO2peak index (ml−1 kg−1 min−1) −0.48 <0.001 −0.26 0.168 −0.61 <0.001

AHI (h−1)a 0.53 <0.001 0.17 0.379 0.03 0.885

ODI (h−1)a 0.57 <0.001 0.18 0.340 0.13 0.496

%TSpO2<90% (%) 0.43 <0.001 0.27 0.146 0.06 0.751

Arousal index (h−1) 0.32 0.026 0.19 0.129 0.04 0.871

Average SaO2 (%) −0.45 <0.001 −0.26 0.166 −0.11 0.557

Lowest SaO2 (%) −0.40 0.001 −0.21 0.256 −0.33 0.076

Sleep efficiency (%) −0.29 0.027 −0.01 0.948 −0.14 0.467

Epworth sleepiness scale 0.31 0.017 0.06 0.750 0.19 0.323

MAP (mmHg) 0.30 0.019 0.07 0.733 0.04 0.816

Table 3 Pearson’s correlation
coefficients of log-transformed
hsCRP with various variables

HRR-1 heart rate recovery at
1 min after exercise termination,
VO2peak peak oxygen consump-
tion, AHI apnea–hypopnea index,
ODI oxygen desaturation index,
%TSpO2<90% percentage of
duration of saturation below
90%, MAP mean arterial blood
pressure
a Spearman correlation coefficients
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which strengthened our point, impaired HRR-1 in middle-
aged men with severe OSA.

Inflammation has been reported to play an important role
in the development and progression of atherosclerosis.
Previous studies have reported that patients with hsCRP
levels in the highest quartile (0.38 to 1.5 mg/dl) had higher
risks of stroke, peripheral vascular diseases, or myocardial
infarction [33, 34]. Many previous studies have reported an
independent relationship between OSA and elevated CRP
levels [15, 35]. First, Shamsuzzaman and coworkers

reported significantly elevated CRP levels in 22 OSA
patients (0.09 to 2.73 mg/dl) compared with 20 healthy
control subjects (0.02 to 0.90 mg/dl) matched for age and
BMI [15]. Recently, Lui and coworkers demonstrated that
CRP levels were associated with OSA independently of
visceral obesity [35]. In Lui’s study, the hsCRP levels of
patients with severe OSA was 0.056 to 0.188 mg/dl. Our
result was in agreement with these reports, which showed
that patients with severe OSA had higher CRP levels even
when their inflammatory status was relatively low. Howev-
er, the issue of an association between CRP levels and OSA
is still highly controversial, and there have been some
studies finding no such association [36, 37]. The negative
findings might be due to these studies not taking into
consideration the analytical confounders, such as central
obesity, smoking status, or hypertension.

One of the merits of our study was using VO2peak to
adjust HRR-1 in the correlation analysis. The present
results showed significantly lower VO2peak in patients with
OSA than in controls, which supported the results of Lin
and colleagues [38]. However, some studies have reported
no differences in VO2peak between patients with OSA and
matched controls [19, 39]. The discrepancy might stem
from the differences between studies with respect to sample
size, severity of OSA, comorbid conditions, or habitual
levels of physical activity. In addition, our severe OSA
group had significantly lower HRpeak values but not lower
VEpeak and breathing reserve than those in the control
group. This suggested that the exercise limitation in the
OSA group was due to circulatory rather than pulmonary
factors.

Most importantly, we found that severe OSA was
associated with impaired chronotropic responsiveness to
exercise (inability to use most of the heart rate reserve, i.e.,
chronotropic incompetence) and abnormal HRR-1 (inability
to promptly slow the heart rate immediately after exercise).
According to the definitions [30, 31], 50% and 27% of the
patients with severe OSA in the present study showed
chronotropic incompetence and impaired HRR-1, respec-
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Log hsC-reactive Protein (mg/dl) 

Log hsC-reactive Protein (mg/dl) 
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Fig. 1 Pearson’s correlations between log-transformed hsCRP and a
HRR-1 and b VO2peak in patients with severe OSA and controls.
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tively. The present study was in agreement with previous
studies that indicated an impaired heart rate response in
patients with OSA [17, 38].

The mechanisms underlying the impaired heart rate
response to exercise in OSA are not entirely clear. It has been
proposed that repetitive blood pressure surges during sleep
and increased sympathetic activity during wakefulness may
result in the downregulation of cardiac β-adrenergic recep-
tors, which would cause an inability to quickly elevate heart
rate sufficiently to meet the physiologic demands of exercise
[40]. In addition, the changes in sympathetic activity in OSA
could alter the baroreflex set point to higher levels of
pressure [41]. The baroreceptors play a major role in the
reflex regulation of both blood pressure and heart rate
response. Previous study had reported that baroreflex control
of heart rate during sleep depressed in OSA and improved
after treatment with CPAP [42]. This might contribute to the
impaired heart rate response to exercise in OSA.

Recently, Lombardi and coworkers have demonstrated
an association of excessive daytime sleepiness with barore-
flex sensitivity and heart rate variability in patients with
sleep-related breathing disorders [43]. The link between
these phenomena of the OSA population might be through
complex interaction between dysfunctions in cerebral
regions responsible for sleep regulation, daytime vigilance,
and autonomic cardiovascular control. Further analysis of
the correlation between ESS and HRR-1 of our participants
revealed a significant correlation coefficient between the
two parameters (r=−0.38, P<0.05). However, this issue
deserves to be investigated in future studies.

One of the important findings of the present study was a
significant inverse correlation between hsCRP levels and
HRR-1 that persisted in the OSA group with or without
adjustment for VO2peak,but this relationship no longer
existed after adjustment for VO2peak in the control group
(r=−0.33, P>0.05). Previous study has shown individuals

with higher cardiopulmonary capacity increased in para-
sympathetic nervous system tone and decreased in sympa-
thetic tone [44]. Recently, Jae and coworkers reported that
autonomic nervous system function affects the relationship
between cardiopulmonary fitness and CRP levels signifi-
cantly [45]. Therefore, it speculated a complex relationship
among HRR-1, CRP levels, and VO2peak. The gross
relationship between HRR-1 and CRP levels was similar
in both groups; however, it would be masked by good
VO2peak in the control group. Thus, our results revealed that
blunted HRR was associated with significantly high hsCRP
levels in middle-aged men with severe OSA, but additional
studies are needed to confirm this finding.

Our results are consistent with previous observational
studies showing that decreased parasympathetic activity
was associated with an elevation of inflammatory markers
[9, 13]. However, the linking mechanism for HRR-1 and
CRP levels is not clear. Recent researches have suggested a
cholinergic anti-inflammatory reflex pathway that monitors
and regulates the inflammatory response reflexively [14,
46]. In this reflex pathway, vagal efferents release acetyl-
choline, which interacts with macrophages of the reticulo-
endothelial system to inhibit proinflammatory cytokine
release [46]. However, the relationship between inflamma-
tion and autonomic system function is still debated. Other
studies have shown that the inflammation affected the
autonomic nervous system [47]. IL-6 may affect autonomic
balance by disturbing the hypothalamic–pituitary–adrenal
axis at the level of the pituitary and adrenal glands [48]. It
is still unclear whether higher inflammation levels are
associated with decreasing HRR over time or whether slow
HRR is associated with increasing inflammation. Future
studies are needed to explore this issue.

This study has some limitations. First, given the cross-
sectional nature of this study, any causal relationship
between these constructs remains to be determined. Future

Table 4 Stepwise multiple regression models of log-transformed hsCRP

Variables Adjusted R2 Unstandardized coefficients Standardized
coefficients

P value

Estimate (SE) 95% CI

Total participants included (n=60) adjusted R2=53.1%

HRR-1 (bpm) 47.1% −0.03 (0.006) −0.042, −0.019 −0.54 <0.001

AHI (h−1) 6% 0.004 (0.001) 0.001, 0.006 0.30 0.005

OSA group included only (n=30) adjusted R2=46.2%

HRR-1 (bpm) 46.2% −0.039 (0.008) −0.055, −0.024 −0.69 <0.001

Control group included only (n=30) adjusted R2=36.5%

HRR-1 (bpm) 24.5% −0.26 (0.007) −0.041, −0.011 −0.53 0.001

Smoke status 12.0% 0.235 (0.093) 0.043, 0.427 0.37 0.018

Independent variables included: age, smoking status, BMI, VO2peak, HRR-1, AHI, ODI, arousal index, percentage of duration of saturation below
90%, average and lowest SaO2, sleep efficiency, and MAP
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longitudinal studies are needed in order to verify the
relationships found in this study. Second, 50% of patients
with severe OSA in the present study showed chronotropic
incompetence, which would limit their ability to achieve the
same level of peak exercise as the controls. Therefore, the
unequal exercise challenge might complicate comparisons
of HRR-1 between the two groups. Third, the control
subjects in this study might not be true “controls” because
they were referred for sleep examination due to snoring,
sleep disturbance, or excessive daytime sleepiness. How-
ever, our control group was generally healthy, and the ESS
and parameters of sleep examination were significantly
better than those in the severe OSA group. Fourth, our
participants were limited to middle-aged men. Thus, the
results could not be extrapolated to women or other ethnics.
In addition, we did not adjust diet pattern and take into
consideration other behavioral and environmental factors
that might influence hsCRP levels. Nevertheless, the
numbers of current smokers and patients with hypertension
were similar in both groups.

In conclusion, the middle-aged men with severe OSA
had higher levels of inflammatory markers, slower HRR,
and impaired cardiopulmonary capacity than their age- and
BMI-matched controls. In addition, elevated hsCRP level
was associated with blunted HRR in patients with OSA.
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