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Study Objectives: The attenuation of heart rate recovery after maximal exercise (AHRR) is independently impaired by obstructive sleep apnea
(OSA) and metabolic syndrome (MetS). Therefore, we tested the hypotheses: (1) MetS + OSA restrains AHRR; and (2) Sympathetic hyperactivation
is involved in this impairment.

Design: Cross-sectional study.

Participants: We studied 60 outpatients in whom MetS had been newly diagnosed (ATP Il), divided according to apnea-hypopnea index (AHI)
=15 events/h in MetS + OSA (n = 30, 49 + 1.7 y) and AHI < 15 events/h in MetS - OSA (n = 30, 46 + 1.4 y). Normal age-matched healthy control
subjects (C) without MetS and OSA were also enrolled (n = 16, 46 + 1.7 y).

Interventions: Polysomnography, microneurography, cardiopulmonary exercise test.

Measurements and Results: We evaluated OSA (AHI - polysomnography), muscle sympathetic nerve activity (MSNA - microneurography) and
cardiac autonomic activity (LF = low frequency, HF = high frequency, LF/HF = sympathovagal balance) based on spectral analysis of heart rate
(HR) variability. AHRR was calculated (peak HR minus HR at first, second, and fourth minute of recovery) after cardiopulmonary exercise test.
MetS + OSA had higher MSNA and LF, and lower HF than MetS - OSA and C. Similar impairment occurred in MetS - OSA versus C (interaction,
P < 0.01). MetS + OSA had attenuated AHRR at first, second, and at fourth minute than did C, and attenuated AHRR at fourth minute than did
MetS - OSA (interaction, P < 0.001). Compared with C, MetS - OSA had attenuated AHRR at second and fourth min (interaction, P < 0.001).
Further analysis showed association of the AHRR (first, second, and fourth minute) and AHI, MSNA, LF and HF components (P < 0.05 for all
associations).

Conclusions: The attenuation of heart rate recovery after maximal exercise is impaired to a greater degree where metabolic syndrome (MetS)
is associated with moderate to severe obstructive sleep apnea (OSA) than by MetS with no or mild or no OSA. This is at least partly explained by
sympathetic hyperactivity.
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INTRODUCTION

Patients with metabolic syndrome (MetS) often have ob-
structive sleep apnea (OSA)."* The reverse is also true, the
probability being very high (9.1 times greater) that patients
with OSA have MetS.’> The overlap of OSA and MetS leads
to additional cardiovascular risk in these patients. Strong evi-
dence shows that the substrates to developing cardiovascular
disease are linked to autonomic dysfunction.®’ The reasons for
the increased cardiovascular risk in MetS are not completely
understood, and in addition to metabolic disturbances, sym-
pathetic hyperactivation and depressed baroreflex are involved
in the pathophysiological basis.® However, OSA in patients
with MetS causes further sympathetic hyperactivation® and
decreased baroreflex sensitivity.* Moreover and interestingly,
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augmented chemoreflex sensitivity occurs only when both
conditions are present.’

Evaluation of hemodynamic changes during cardiopulmo-
nary exercise testing and during the recovery period has been
considered a simple and useful marker for identification of au-
tonomic dysfunction.”” The inability to increase the heart rate
(HR reserve) or to facilitate heart rate recovery after maximal
exercise (AHRR) has been consistently associated with long-
term increases in mortality in different subsets of patients and
even in a population of adults without evidence of cardiovas-
cular disease.'”"* Although the reduction in heart rate during
the postexercise period has been mostly attributed to parasym-
pathetic recovery,' the restoration of the heart rate after exer-
cise termination to the baseline levels takes a few minutes and
depends on the interaction of parasympathetic reactivation and
sympathetic withdrawal.® However, because the heart rate re-
sponse is subject to parasympathetic and sympathetic control,
it is legitimate to question whether the attenuation of heart rate
recovery is a consequence of an imbalance between these two
cardiac controls.

Several studies have demonstrated attenuated AHRR in
patients with either OSA'®"” or MetS."®"” However, whether
the overlap of both conditions further impairs AHRR and
the mechanisms underlying this imbalance are still not clear.
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Considering that patients with MetS and OSA have sympa-
thetic hyperactivation at baseline conditions, we sought to
investigate the effect of this autonomic dysfunction on the
AHRR.

Thus, the current study aimed to investigate whether the
overlap of OSA in subjects with MetS further delays the
AHRR, and whether sympathetic hyperactivation would be as-
sociated with this impairment.

MATERIALS AND METHODS

Study Population

We invited outpatients from the Heart Institute (InCor) to
participate in the study immediately after receiving a diagnosis
of MetS providing they met the criteria described next. Thus,
patients with MetS were eligible if they had at least three of
the five diagnostic criteria, as proposed by the Adult Treatment
Panel III Report,® as follows: (1) waist circumference > 102
cm in men and > 88 cm in women; (2) fasting triglyceride
level > 150 mg/dL (> 1.69 mmol/L); (3) high-density lipopro-
tein (HDL) cholesterol < 40 mg/dL (< 1.03 mmol/L) in men
and < 50 mg/dL (< 1.29 mmol/L) in women; (4) blood pressure
(BP) > 130 or 85 mmHg; and (5) fasting glucose level > 100
mg/dL (> 6.1 mmol/L). In addition, patients were eligible for
enrollment if they were sedentary, i.e., had no regular physical
activity (> 3 days/w, > 30 min/day) for the previous 6 mo, were
between 30 and 60 y of age, were taking no medications, were
nonsmokers, had no history of excessive alcohol consumption,
and had no evidence of pulmonary or cardiovascular disease
(no history of prior invasive cardiac procedures or congestive
heart failure, congenital or valvular heart disease, the pre-
excitation syndrome, or left bundle-branch block) and mus-
culoskeletal disorders that would preclude maximal aerobic
exercise test.

After clinical examination and blood tests, all patients who
met the inclusion criteria and agreed to participate in the study
underwent nocturnal polysomnography to detect the presence
of OSA.

Moderate to severe OSA was characterized by an apnea/
hypopnea index (AHI) > 15 events/h by polysomnography.*3
Therefore patients were divided according to AHI into MetS
with moderate-severe OSA (MetS + OSA) and MetS with no
or mild OSA (MetS - OSA). Healthy, sedentary normal weight
subjects without either MetS or OSA (AHI < 5 events/h) were
recruited as a control group (C). Approximately 60% of the
studied patients had also participated in other autonomic eval-
uation studies.*” We continued subject recruitment in order to
achieve the number required by sample size calculation for the
current study.

The study was approved by the Scientific Commission of
the Heart Institute (InCor), and by the Ethics in Research
Commission of the Clinical Hospital, University of Sdo Paulo
(#1222/05), and each subject gave written consent.

Experimental Design

The evaluations were performed on different days with in-
tervals of between 2 days and 1 w between them. On the first
visit, total serum cholesterol, triglycerides, HDL cholesterol
(enzymatic method), and plasma glucose (standard glucose
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oxidase method) concentrations were assayed from a venous
blood sample after overnight fasting. On the second visit,
clinical and physical examinations were undertaken and stan-
dard blood pressure (BP), body mass index (BMI), and waist
circumference (WC) were measured. After MetS was con-
firmed nocturnal polysomnography was performed. Finally,
autonomic control and cardiopulmonary exercise tests were
conducted.

Procedures and Measures

Sleep Study

All subjects underwent a standard overnight polysomnog-
raphy using an Embla digital system (17 channels, EMBLA,
Flaga hf. Medical Devices, Reykjavik, Iceland) as previously
described.?’ The polysomnography started at approximately
22:00 (lights off) and finished at approximately 06:00 (lights
on). The AHI was calculated as the total number of respiratory
events (apneas plus hypopneas) per hour of sleep. Apnea was
defined as complete cessation of airflow for at least 10 sec, and
hypopnea was defined as a significant reduction (> 50%) in re-
spiratory signals for at least 10 sec associated with 3% oxygen
desaturation.?

Autonomic Control Evaluation

The subjects were instructed to refrain from eating 2 h be-
fore the test, and to abstain from caffeine and physical activity
for the 48 h leading up to the evaluation. The experimental
protocol was performed in the morning in a quiet, tempera-
ture-controlled (22°C) room. Then, muscle sympathetic nerve
activity and heart rate were recorded over 10 min with the pa-
tients lying supine.

Muscle Sympathetic Nerve Activity (MSNA). The MSNA
was directly measured through a multiunit postganglionic ef-
ferent from the peroneal nerve using the microneurography
technique, which consists of the impaction of a tungsten micro-
electrode to the peroneal nerve.” The neurogram was recorded
using a software program (WinDaq Software, Transonic Sys-
tems, Dataq Instruments Inc, Akron, OH, USA).

Power Spectrum Analysis of HR Variability. HR was re-
corded through lead II of an electrocardiogram (EKG) to
evaluate power spectrum analysis of HR variability. Cardio-
vascular fluctuations of the R-R interval underwent autoregres-
sive spectral decomposition to the automatic quantification of
the center frequency and the power of each relevant compo-
nent in absolute value (expressed in milliseconds squared) as
well as in normalized units (nu). Components of the frequency
band of 0.04 to 0.15 Hz are considered low frequency (LF),
which reflects both cardiac sympathetic and parasympathetic
modulation.”’ The components ranging between 0.15 and 0.40
Hz, synchronized with the breath, are considered high fre-
quency (HF) and are components that reflect parasympathetic
modulation.* The normalization procedure was performed by
dividing the power of the LF or HF component by the total
spectral power from which the power of the very low frequency
(VLF, range: 0 to 0.04Hz) component had been subtracted and
by multiplying the result by 100.2¢ Furthermore, the ratio LF
and HF (LF/HF) was calculated to obtain the sympathovagal
balance.
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Cardiopulmonary Exercise Test

The subjects were instructed to eat a light meal 1-2 h before
the test, and to abstain from caffeine and physical activity 48
h leading up to evaluation. Before each test, the gas analyzers
were calibrated using gases of known concentrations, while
the flow meter was calibrated using a 3-L syringe. The venti-
latory parameters during graded exercise were collected after
complete adaptation to the mouthpiece and nose clip. Oxygen
consumption (VO,) and carbon dioxide output (CO,) were
obtained on a breath-by-breath basis and expressed as 30-sec
averages using an indirect calorimetry system (Vmax, series
229 — Sensor Medics Corporation, Buena Vista, CA, USA).

Functional Capacity. The functional capacity was deter-
mined by maximal oxygen consumption (peak VO,) achieved
at the end of the exercise period.

Peak O, Pulse. The peak O, pulse was calculated by peak
VO, (mL/kg/min) divided by peak HR (bpm) multiplied by
100.7

HR was continuously recorded at rest, during graded exer-
cise test, and at the recovery period using a 12-lead electrocar-
diogram (EKG, Marquette Medical Systems, Inc. CardioSoft,
Milwaukee, WI, USA). The bicycle (Ergoline ViaSprint 150P,
Bitz, Germany) maximal cardiopulmonary exercise test was
performed using a ramp protocol with 10- to 20-W increments
every minute up to exhaustion.

HR Reserve. The HR reserve was calculated as peak HR
minus resting HR before exercise.”

Both of the following criteria were used to define maximal
effort achievement: (1) when the subject no longer maintained
the bicycle cadence at 60 rpm and was unable to continue exer-
cising despite verbal encouragement, demonstrating evidence
of exhaustion, and (2) maximal respiratory exchange ratio
(RER) > 1.10.® Because subjects without clinically signifi-
cant heart disease can exhibit exercise-induced hypotension,
caused by delayed in the postexercise increase in systemic vas-
cular resistance following prolonged high-intensity exercise,
we chose an active recovery protocol similar to that in other
studies.?**'Thus, in the recovery period, the first minute (50%
of the maximum peak workload) and the second minute (25%
of the maximum peak workload) were active with velocity at
60 rpm, whereas the third and fourth minutes were passive,
with the patients still sitting on the bicycle.

HR Recovery. AHRR was evaluated by EKG and defined as
the difference between peak HR and HR at the first, second,
and fourth minute postexercise during the recovery period."”

Statistical Analysis

The data are presented as mean + standard error. A chi-
square (*) test was used to assess categorical data differences.
The Kolmogorov—Smirnov and Levine tests were used to as-
sess the normality and homogeneity of distribution of each
variable studied. Physical characteristics, hemodynamic and
autonomic data were compared using one-way analysis of
variance followed by Scheffé post hoc multiple comparisons or
Kruskall-Wallis test. Values of P < 0.05 were considered sta-
tistically significant. The univariate correlation (Pearson cor-
relation) between AHRR at the first, second, and fourth minute
with AHI, MSNA, LF, HF, and LF/HF were conducted to test
the association.
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RESULTS

Eighty-two consecutive patients who received a recent diag-
nosis of MetS were initially invited to participate in the study.
Seven declined to participate, four were smokers, and two were
pregnant. From those who are eligible and agreed to partici-
pate, nine patients were excluded because they did not reach
the maximal effort achievement criteria in the cardiopulmo-
nary exercise test (six in MetS + OSA and three in MetS - OSA
group). Finally, there were 60 eligible patients for the analyses.
They were allocated into two groups according to AHI ob-
tained by nocturnal polysomnography: (1) with moderate-se-
vere OSA (MetS + OSA; n = 30); and (2) with mild or no OSA
(MetS - OSA; n = 30). For the healthy C group we selected
21 individuals without MetS. From these five were excluded
because they were found to have OSA (AHI > 5 events/h) on
polysomnography. Thus, 16 healthy subjects without MetS or
OSA were also studied (C).

Baseline characteristics of the study groups are shown in
Table 1. Sex distribution and age were similar among groups.
Patients with MetS + OSA and MetS - OSA were similar, and
had higher BMI, WC, glucose, triglycerides, and systolic and
diastolic blood pressure and lower levels of HDL-c than the
C group (Table 1). Similarly, both MetS groups had a similar
prevalence of all MetS risk factors.

Regarding the nocturnal polysomnography measurements,
no differences were found in sleep efficiency, stage 1, stage
2, stage 3 and in rapid eye movement stage of sleep among
groups (data not shown). However, AHI and arousal index
were higher and minimum oxygen saturation was lower in the
MetS + OSA group compared with that in the MetS - OSA and
C groups (Table 1).

Table 2 shows cardiopulmonary exercise test measure-
ments and cardiac and peripheral autonomic control mea-
surements. Both MetS groups are similar and had higher
resting HR and lower peak VO, and peak O, pulse than C. No
differences in peak HR, relative age-predicted maximum HR,
RER, and peak workload were found among groups. MSNA
and LF were significantly higher and HF lower in MetS +
OSA compared to that in MetS - OSA and C groups. In 10
patients (three in MetS + OSA, three in MetS - OSA, and four
in C group) we were not able to obtain a satisfactory nerve
recording. Similarly, 19 subjects (eight in MetS + OSA, eight
in MetS - OSA, and three in C group) were excluded from
the power spectrum analysis of heart rate variability because
their spontaneous respiratory rate was below the required
high frequency band (HF band). The comparisons between
MetS - OSA and C showed that MSNA and LF were signifi-
cantly higher and HF significantly lower in MetS - OSA pa-
tients than in C. LF/HF was similar in both MetS groups and
higher than that in C (Table 2).

The HR reserve and AHRR at first, second, and fourth
minute postexercise are shown in Figure 1 (panel A, B, C, and
D, respectively). The HR reserve was attenuated in MetS + OSA
relative to MetS - OSA and both were attenuated relative to C
(70 £ 3, 80 + 3 and 93 + 3 bpm, interaction P < 0.001, respec-
tively). Interestingly, MetS + OSA had similar AHRR at first
minute to MetS - OSA, but this was attenuated compared with
C(16+2, 18+ 1 and 24 + 2 bpm, interaction P =0.008). AHRR
at second minute (26 + 2, 32 + 2, and 40 £ 3 bpm, interaction
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Table 1—Physical characteristics, metabolic syndrome diagnostic criteria measurements and polysomnography measurements.

MetS + OSA (n = 30) MetS - OSA (n = 30) C (n=16)

Sex, no. (M/F) 18/12 14/16 07/09

Age, y 49+1.7 46+ 14 46+1.7

BMI (kg/m?) 32+12 32+1° 25+ 1
Metabolic Syndrome Risk Factors and Prevalence

WC, cm 107 £ 12 94%2 106 £ 12 94%2 92+2 20%

Glucose, mg/dL 105 £ 22 60%? 99 + 22 50%2 88+3 7%

Triglycerides, mg/dL 190 + 19° 60%2 182 + 162 57%3 101 +£12 %

HDL-c, mg/dL 41+ 22 64%2 40 £ 22 77%2 52+3 0%

SBP, mmHg 134 £ 32 67%2 132+ 4° 50%2 M2 0%

DBP, mmHg 90+ 22 7% 88 + 22 64%:2 722 0%
Polysomnography Measurements

AHI, events/h 42 + 4280 +1 +1

Arousal index, events/h 25 + 430 111 8+1

Minimum Sa0,, % 77 + 330 88+ 1 91+1

Values are mean + standard error. 2P < 0.05 versus C. °P < 0.05 versus MetS - OSA. AHI, apnea-hypopnea index; BMI, body mass index; C, control
group; DBP, diastolic blood pressure; HDL-c, high-density lipoprotein cholesterol; MetS + OSA, metabolic syndrome with obstructive sleep apnea group;
MetS - OSA, metabolic syndrome without obstructive sleep apnea group; Sa0,, oxygen saturation; SBP, systolic blood pressure; WC, waist circumference.

Cardiopulmonary Exercise Test Measurements

Cardiac Autonomic Control Measurements

Peripheral Autonomic Control Measurements
MSNA, bursts/min

exchange ratio.

Table 2—Cardiopulmonary exercise test results, cardiac and peripheral autonomic control measurements.

MetS + OSA (n = 30)

Rest HR, beats/min 86 + 22
Peak HR, beats/min 156+ 3
Relative age-predicted maximum HR, % 92 +1
RER 118+ 1.0
Peak VO,, mL/kg/min 226+1.02
Peak O, pulse, % 144 12
Peak workload, W 142+ 9

MetS + OSA (n = 22)

LF, nu 73 +32P
HF, nu 27 + 320
LF/HF 385+1¢°

MetS + OSA (n = 27)
334120

Values are mean + standard error. 2P < 0.05 versus C. °P < 0.05 versus MetS-OSA. C, control group; HF, high frequency; HR, heart rate; LF, low
frequency; LF/HF, sympathovagal balance; MetS + OSA, metabolic syndrome with obstructive sleep apnea group; MetS -OSA, metabolic syndrome without
obstructive sleep apnea group; MSNA, muscle sympathetic nerve activity; n, normalized units; peak VO,, maximal oxygen consumption; RER, respiratory

MetS - OSA (n = 30) C(n=16)
85+ 37 7542
164 +3 166+ 3
94+ 1 9542
11810 12110
236+ 13 287£15
143%1° 1731
142 £ 10 150 + 14
MetS - OSA (n = 22) C(n=13)
62+ 3° 484
38+ 3¢ 5244
2021 0.99 + 1
MetS - OSA (n = 27) C(n=12)
28+1° 2042

P < 0.001) and AHRR at fourth minute (40 + 2, 50 + 2, and
61 + 3 bpm, interaction P < 0.001), were attenuated in both
MetS groups compared with C. However, only in the AHRR
at fourth minute MetS + OSA was attenuated compared with
MetS - OSA.

Further analysis showed significant correlations between
AHRR at first minute and AHI (R = —0.27, P = 0.03) and LF/
HF (R = —0.41, P = 0.001). In addition, there were correla-
tions between AHRR at first minute and MSNA, LF, and HF
(Figure 2). Similarly, AHRR either at second minute or at
fourth minute were correlations with AHI, LF, HF, LF/HF, and
MSNA (Table 3).
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DISCUSSION

To the best of our knowledge, this is the first study to inves-
tigate the HR responses to exercise in individuals with a new
diagnosis of MetS and untreated OSA. The main finding of
the study is that patients with both MetS and moderate to se-
vere OSA had a more attenuated HR reserve and AHRR after
maximal exercise than seen with MetS with no or mild OSA
relative to the control group.

Previous observational studies demonstrated that patients
with MetS had reduced HRR during the postexercise pe-
riod.*>** In addition, Spies et al.** reported that the MetS was
associated with impaired AHRR independently of diabetes,

OSA and Sympathovagal Balance in MetS Patients—Cepeda et al.



v}

100- N 50
2 225
: 901 % 3
E I £ 20 -
- = - I
g, 80 x4 E 1
S 704 N = 15
5 .
= 2
| 5
50 Z
40 0
MetS+OSA  MetS OSA MetS+OSA MetS OSA C
c D
50 70+
5 % 60-
£ 40 . $ *
: , Psof 4 '
—_ -
E 30 < E 40 L]
& 20 T 309
= s
E ® = 20
% 10
4 =]
0 0
MetS+OSA  MetS OSA C MetS+OSA MetS-OSA C

Figure 1—(A) Heart rate reserve (HR reserve) and (B) attenuation of the heart rate recovery after exercise (AHRR) at first, (C) second and (D) fourth
minute in patients with metabolic syndrome and obstructive sleep apnea (MetS + OSA), without obstructive sleep apnea (MetS - OSA) and in control
subjects (C). *P < 0.05 versus C, TP < 0.05 versus MetS - OSA.
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Figure 2—Pearson correlation between AHRR at first minute and (A) muscle sympathetic nerve activity (MSNA), (B) low frequency (LF), and (C) high
frequency (HF) in all patients with metabolic syndrome and in normal control subjects.
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Table 3—Univariate linear regression.

AHRR atSecond  AHRR at Fourth
Minute Minute

R P R P
AHI, events/h -043 <0.001 -046 <0.001
LF, nu -0.41 0.002 -042 <0.001
HF, nu 0.39 0.002 041 <0.001

LF/HF -041 <0.001 -0.33 0.01
MSNA, bursts/min -042 <0.001 -047 <0.001

AHI, apnea-hypopnea index; HF, high frequency; HRR, heart rate
recovery after maximal exercise; LF, low frequency; nu, normalized
units; LF/HF, sympathovagal balance; MSNA, muscle sympathetic nerve
activity.

hypertension, and obesity in patients with coronary heart dis-
ease. In the current investigation, we found that patients with
MetS and OSA have greater MSNA, greater LH component,
and lower HF component than do MetS patients. In addition,
there is an inverse association between AHRR and MSNA and
LF component.

OSA is quite common in patients with MetS and we have
provided additional findings® suggesting that OSA may further
contribute to impaired AHRR after exercise training in patients
with MetS. The importance of our results is that diminished
AHRR after maximal exercise test, mainly the rate of decrease
in HR during the first 2 min of recovery,” is a powerful pre-
dictor of cardiovascular disease and mortality.'*'>!"* Thus, the
evaluation of HR recovery is a simple and important tool with
prognostic value to evaluate the integrity of the sympathovagal
balance. It was established that AHRR less than 12 beats/min
at the first minute of recovery'® and less than 22 beats/min'? at
the second minute of recovery following exercise is associated
with increased mortality.

The notion that OSA could further impair AHRR after pro-
gressive maximal exercise in patients with MetS seems to
be linked to a sympathovagal imbalance. Although impaired
AHRR has been thought of as an important tool to assess para-
sympathetic control,' in patients with increased baseline sym-
pathetic tonus, it is reasonable to expect that this sympathetic
exacerbation will restrain the recovery of the HR even at the
first minute after exercise. Our results show that the overlap
of OSA in patients with MetS could have an additional im-
pairment over the vagal modulation, as well as an additional
increase over cardiac and muscular sympathetic modulation.

Accumulated evidence shows that sympathetic outflow is
an independent predictor of mortality in patients with heart
failure.’ It is possible that the same occurs in patients with
MetS, especially those with OSA. The explanation of the in-
creased sympathetic outflow is out of the scope of the current
study. However, someone could suggest candidates for such
an autonomic alteration. Obesity*® and high levels of insulin®’
and blood pressure* can be the key to the beginning of sympa-
thetic hyperactivity in MetS. Nevertheless, the association of
OSA causes an overburden, because several acute pathophysi-
ological reflexes occur during sleep in patients with OSA. OSA
and exaggerated oxygen saturation reduction are important
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triggers of sympathetic discharge. In this regard, we have re-
cently reported that the chemoreflex control may play an im-
portant role in the augmented sympathetic nerve activity in
patients with MetS plus OSA.’ During sleep, the activation of
the peripheral and central chemoreflex by hypoxemia and hy-
percapnia during the cessation of airflow results in a persistent
increased chemoreflex sensitivity? with consequent activation
of the sympathetic nerve activity in MetS with patients with
OSA. Our study brings to light the importance of sympathetic
hyperactivity in restraining early HR recovery in patients with
MetS, with or without OSA. The inverse association between
AHRR at first, second, and fourth minute with sympathetic
cardiac modulation and peripheral muscle sympathetic activity
may reinforce this idea. In the current study, we found a cor-
relation between AHRR and sympathetic activity even at the
first minute of the recovery period after maximal exercise. Our
results are in accordance with several previous studies, which
showed that sympathetic markers are associated with attenu-
ation of HRR either in normal subjects,* in obese children,*
in anabolic steroids users,” or in patients with myocardial
infarction.*

In the current study, the sympathovagal imbalance toward
sympathetic control may explain the diminished HR reserve
in patients with MetS and OSA. In fact, HR reserve has been
used to estimate sympathetic activity,* and HR reserve < 89
bpm has been associated with cardiac diseases.”* Age affects
HR reserve and it is a potential confounder. However, in the
current study there were no differences among groups in age.

With or without the presence of OSA, patients with MetS
exhibited increased resting HR, decreased peak VO,, and
lower peak O, pulse relative to controls, suggesting increased
cardiovascular risk. Indeed, previous studies have provided
convincing evidence of a worse prognosis in individuals with
reduced functional capacity regardless of associated risk
factors.*

Our study has several limitations. First, we studied patients
with a recent diagnosis and who were untreated for MetS.
There are positive and negative aspects regarding these sub-
jects. The positive aspect is that there was no drug interference
in our results. The negative aspect is that we cannot extrapolate
these results to patients receiving pharmacologic treatment.
Second, we did not include a group of patients with only OSA.
Nevertheless, the objective of the current study was to inves-
tigate whether OSA would exacerbate the delay in the HRR
after the cardiopulmonary exercise test in patients with MetS.
Because occult OSA is as very common risk factor in patients
with MetS, reaching a prevalence of 60%,** and knowing that
OSA is extremely deleterious, causing significant autonomic
dysfunction such as baroreflex and chemoreflex control al-
terations,*® it would be reasonable to address its pathophysi-
ological effect on cardiovascular responses to exercise, which
largely depend on autonomic adjustments. Finally, we did not
perform the autonomic measurements of MSNA and power
spectrum analysis of HR variability during the postexercise
recovery period. We did these measurements on a different day
than the cardiopulmonary exercise test, with the subjects lying
in the supine position. We did this because it is impossible to
get the microelectrode needle impact on the peroneal nerve im-
mediately after exercise. The power spectrum analysis of heart
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rate variability was evaluated at rest to avoid the influence of
the increase on the respiratory rate and on tidal volume caused
by maximal exercise, which exert significant influences on the
amplitude of the high frequency component of HR variability.
R-R interval variability declines as respiratory rate increases,
but increases as tidal volume increases.***

In conclusion, the coexistence of MetS and moderate to se-
vere OSA is associated with greater delay in recovery of HR
after exercise than MetS with no or mild OSA. This response
is associated with a sympathovagal imbalance toward the sym-
pathetic component. These findings suggest that these patients
are at increased risk of cardiovascular disease.
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