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Resumen
Introducción: la apnea obstructiva del sueño (AOS) severa ha sido asociada con disfunción autonómica. La presión positiva
continua en la vía aérea (CPAP) es el tratamiento estándar para la AOS, aun cuando su impacto sobre la disfunción autonó-
mica no haya sido plenamente investigado. La variabilidad de la frecuencia cardíaca (VFC) es una técnica cuantitativa no in-
vasivapara laevaluaciónde laactividadautonómica.Nuestro objetivo fue determinarsi los pacientes conAOSseverapresen-
tan niveles mayores de disfunción autonómica que los pacientes con un índice de apnea-hipopnea (IAH) normal, y si la CPAP
mejora los parámetros de VFC a la vez que mejora el IAH.
Métodos: todos los pacientes fueron sometidos a una polisomnografía (PSG) completa en una clínica de trastornos del sueño.
Se definió como severa a una AOS que tuviera un IAH � 30 (eventos por hora), y se definió al grupo control como aquellos que
tuvieran un IAH < 5. Se calculó la VFC antes y después de la CPAP, analizando trazados electrocardiogáficos de 10 minutos,
conforme las pautas de normalización. Los pacientes con AOS severa fueron tratados con CPAP durante un período de 4-6 se-
manas (titulados durante la polisomnografía), y los pacientes control no recibieron ninguna intervención entre sus dos regis-
tros de electrocardiograma (ECG).
Resultados: el estudio incluyó a un total de 20 pacientes con AOS severa y 10 controles. En los pacientes con AOS severa, el
IAH se redujo al utilizar CPAP de 38,0 ± 11,0 a 23,0 ± 11,0 (p<0,01). Aparte de una diferencia significativa en el índice de masa
corporl (IMC) entre los paciente con AOS y los controles (35,3±4,7 versus 26,6±4,6 kg/m2, p<0,01), los grupos fueron compara-
bles en cuanto a edad, condición de hipertensión y género. No hubo ninguna diferencia significativa (p<0,05) en ningún pará-
metro de VFC entre los pacientes con AOS severa y los controles, ni entre los pacientes con AOS antes y después de CPAP (ta-
bla 2).
Conclusión: en una población derivada a una clínica de trastornos del sueño, los pacientes con AOS severa presentaron el
mismo perfil autonómico que los pacientes sin AOS. La corrección de AOS mediante CPAP no se acompañó de alteraciones en
la actividad autonómica.
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Summary
Introduction: severe obstructive sleep apnea (OSA) has been associated with autonomic dysfunction. Continuous po-
sitive airway pressure (CPAP) is standard treatment for OSA, although its impact on autonomic dysfunction was not
fully investigated. Heart rate variability (HRV) is a non-invasive quantitative technique for assessment of autonomic
activity. We aimed to determine if patients with severe OSA exhibit greater levels of autonomic dysfunction than pa-
tients with normal apnea-hypopnea index (AHI), and if CPAP improves heart rate variability (HRV) parameters while
improving AHI.
Methods: all patients underwent full polysomnography (PSG) at a Sleep Disorder Clinic. Severe OSA was defined as
AHI � 30 (events per hour), and control was defined as AHI < 5. HRV was calculated pre and post-CPAP from a 10-mi-
nute electrocardiogram (ECG) recording in accordance with guidelines for standardization. Patients with severe OSA
were treated with CPAP for a period of 4-6 weeks (titrated during PSG), and control patients underwent no interven-
tion between their two ECG recordings.
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Results: a total of 20 patients with severe OSA and 10 controls were included (Table 1). In patients with severe OSA,
AHI was reduced by CPAP from 38.0 ± 11.0 to 23.0 ± 11.0 (P<0.01). Aside from a significant difference in BMI between
OSA patients and controls (35.3±4.7 vs. 26.6±4.6 kg/m2, P<0.01), groups were comparable in age, hypertension, and
gender. There was no significant difference (P<0.05) in any HRV parameters between patients with severe OSA and
controls, and between OSA patients pre- and post-CPAP (table 2).
Conclusion: in a population referred to a Sleep Disorder Clinic, patients with severe OSA presented the same autono-
mic profile as patients with no OSA. Correction of OSA by CPAP was not associated with changes in autonomic acti-
vity.
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Introduction

It is estimated that 1 in 5 adults have at least mild
obstructive sleep apnea (OSA) (1), a condition that
is associated with hypertension (2), cardiac arr-
hythmia (3), stroke (4), congestive heart failure (5),
daytime sleepiness (6), abnormal brain morphology
(7), diabetes mellitus (8), and autonomic dysfunction
(9). Continuous positive airway pressure (CPAP) is
standard treatment for OSA. Heart rate variabi-
lity (HRV) analysis is a non-invasive and quantita-
tive technique for assessment of autonomic acti-
vity. We hypothesized that patients with severe
OSA may exhibit greater levels of autonomic
dysfunction than patients with normal ap-
nea-hypopnea index (AHI), and that CPAP may
improve HRV parameters while improving AHI.

Methods

All patients underwent full polysomnography
(PSG) at a Sleep Disorder Clinic. Severe OSA was
defined as an AHI � 30 (events per hour). Control
was defined as AHI < 5. Patients with diabetes me-
llitus (DM), implantable devices, cardiac abnor-
malities, beta- and calcium-blocking medications,
or anti-arrhythmic agents were excluded from the
analysis. Nightly CPAP compliance was confirmed
for patients with severe OSA. A 10-minute
high-resolution Holter ECG recording was collec-
ted pre and post 4-6 weeks of CPAP, titrated du-
ring PSG, in OSA patients. In control subjects, a
10-minute Holter ECG was collected pre and post
4-6 weeks following PSG in order to gauge analysis
reproducibility, with no intervention between the
two recordings. Automated R-wave detection was
performed using the Myoelectric Control Develop-
ment Toolbox (10). HRV analysis was carried out in
accordance with guidelines for standardization
using MATLAB (2010a, The MathWorks, Nantick,
MA) (11). Written, informed consent was obtained
from every patient in accordance with a protocol

approved by the Queen’s University Health Scien-
ces Ethics Committee.

Statistical analysis

All results are expressed as mean ± standard de-
viation. The power of each frequency band is repor-
ted in log-normalized ms2. The very-low frequency
(VLF) and ultra-low frequency (ULF) power-spec-
tral components are absent due to their measure-
ment not being appropriate in the relatively
short-term recordings used in our analysis. In or-
der to compare patient groups before and after the
4-6 week follow-up period, results were tested for
normality using one-sample Kolmogorov-Smirnov
tests, and, depending on the outcome, were then
subjected either to unpaired t-tests or Wilcoxon
rank sum tests with a minimum significant proba-
bility value of P<0.05. All statistical analysis was
performed using MATLAB (2010a, The Math-
Works, Nantick, MA).

Results

Patients with severe OSA (n=20 patients) and con-
trol subjects (n=10 patients) were included in the
analysis. In patients with severe OSA, the AHI
was reduced by CPAP from 38.0 ± 11.0 to 23.0 ±
11.0 episodes/hour; P<0.01. Aside from a signifi-
cant difference in BMI between OSA patients and
patients with AHI<5 (35.3 ± 4.7 vs. 26.6 ± 4.6
kg/m2; P<0.01), groups were comparable in age,
gender, hypertension, and smoking (table 1). The-
re was no significant difference in any HRV para-
meters between patients with severe OSA and con-
trols, or between OSA patients before and after
CPAP (table 2).

Discussion

Our results contrast many of those presented in
the literature. Investigators have reported that
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over 24 hours, patients with OSA have greater
sympathetic (12,13) and lesser parasympathetic in-
fluence (14) on heart rate than control subjects, as
well less time-domain HRV (15). CPAP has been
shown to reduce blood pressure, as well as sympat-
hetic influence on heart rate, over 24 hours (9,16). In
addition, Babaeizadeh and colleagues have descri-
bed a method for detecting and quantifying apneic
episodes by measuring changes in HRV over time
(17). There are a number of factors that we suspect
may have contributed to our unexpected results.

Our study is limited by a relatively modest
sample size, with only 20 patients with severe OSA
and 10 control subjects. It is conceivable that we
may observe a trend in HRV over time with further
enrolment. In addition, control subjects were simi-
lar to patients with severe OSA in demographic in-
dices, apart from a difference in BMI and AHI. It
may be the case that both these groups exhibit at-
tenuated HRV compared with healthy control sub-
jects who have not been referred for PSG. Other
factors may also have played a role, such as the du-
ration of the 4-6 week follow-up period. Perhaps if
this was extended, a significant improvement in
HRV indices may have taken place, possibly due to
reverse autonomic remodeling. It may also be the

case that changes in HRV are more pronounced
during sleep, with levels returning to baseline du-
ring the day when our ECG recordings were collec-
ted for analysis. Other investigators have obser-
ved a significant improvement over a comparable
follow-up during morning wakefulness, however
(18). Finally, and perhaps most importantly, we em-
ployed a practical 10-minute ECG recording du-
ring clinic follow up, as opposed to the 24-hour re-
cording more commonly reported in the literature.
It has been reported that HRV results are depen-
dent on the length of the ECG recording analyzed
(11). However, it is nonetheless intriguing that
short-term HRV measured during routine fo-
llow-up is not improved by CPAP in patients with
severe OSA.

Conclusion

In a population referred to a sleep disorder clinic,
patients with severe OSA exhibited similar heart
rate variability to control subjects with normal
AHI during the day. In patients with severe OSA,
an improvement in AHI via 4-6 weeks of CPAP the-
rapy was not associated with an improvement in
HRV indices.
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Table 1. Population characteristics

OSA Control P

n 20 10

Age (years old) 50.8±11.7 39.2±20.9 0.2

BMI (kg/m2) 35.3±4.7 26.6±4.6 <0.01

Hypertension (n) 6 0 0.1

Gender 13 m, 7 f 4 m, 6 f 0.2

Smoker (n) 3 0 0.1

Table 2. Heart rate variability results

OSA Pre OSA Post; P

(vs. OSA Pre)

Control Pre; P

(vs. OSA Pre)

Control Post

Mean RR 850.6±175.2 839.1±122.2; 1.0 916.1±225.5; 0.6 897.3±119.1

SDNN 35.1±17.0 32.1±11.6; 0.7 43.1±20.7; 0.3 42.5±17.3

RMSSD 23.6±8.5 24.3±6.8; 0.8 25.5±9.2; 0.6 26.0±6.4

pNN50 4.9±5.6 5.0±6.2; 1.0 7.3±6.0; 0.3 6.8±3.8

LF (log ms2) 5.2±1.2 5.3±0.9; 0.9 5.7±1.1; 0.2 5.8±1.0

HF (log ms2) 4.6±1.0 4.8±0.7; 0.7 5.1±1.0; 0.2 5.2±0.8

LF/HF 2.5±2.1 1.9±1.1; 0.7 2.9±2.8; 0.9 3.5±4.3
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Figure 1. Results of time-domain HRV analysis. Results are listed as mean ± standard deviation.

Figure 2. Results of frequency-domain HRV analysis. Results are listed as mean ± standard deviation.
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