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Summary 

Buckground and hypothesis: Although the immediate ef- 
fects of sleep apnea on hemodynamics and the neurological 
system have been studied, little is known about the circadian 
rhythm of heart rate variability in patients with obstructive 
sleep apnea syndrome (OSAS). The purpose of the present 
study was to investigate the effects of sleep apnea on the 
autonomic activity during daytime, which may play some role 
in the pathogenesis of cardiovascular complications in OSAS. 

Methods: We studied I8 middle-aged male patients with 
OSAS and 10 age-matched control subjects. Patients with 
OSAS were classified according to the severity of OSAS: 
patients with an apnea index (AI) <20 were considered to 
have mild OSAS (Group 1, n = 8) and patients with an A1 2 
20 were considered to have severe OSAS (Group 2, n = 10). 
Hem rate variability was calculated from the 24-h ambula- 
tory electrocardiograms by the Fourier transformation. Pow- 
er spectra were quantified at 0.04-0.15 Hz [low frequency 
power (LF)ln(ms2)] and 0.15-0.40Hz [high frequency pow- 
er (HF)ln(ms*)]. The HF component and the ratio of LF to 
HF were used as indices of the parasympathetic and sympa- 
thetic activity, respectively. 

Results: The circadian rhythms of the LF, HF, and LF/HF 
ratio differed significantly in Group 2 compared with Group 
1 and control subjects (p < 0.05). Hypertension (>I  60195 mm 
Hg) was found in 7 (70.0%) of 10 patients in Group 2, and in 
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1 ( 1  2.5%) of 8 patients in Group 1 .  Echocardiographic evi- 
dence of left ventricular hypertrophy (LVH) (an interventric- 
ular septa1 thickness or a left ventricular posterior wall thick- 
ness 2 12 mm) was found in 3 (30.0%) of 10 patients in Group 
2, and in 1 (1 2.5%) of 8 patients in Group I .  The mean HF 
from 4 A.M. to 12 noon was significantly lower in Group 2 
than in Group I and the control group, and it correlated signif- 
icantly with the lowest nocturnal Sa02 (r = 0.58, p<O.OS). 
The mean LF/HF ratio during the same period was signifi- 
cantly higher in Group 2 than in Group I and the control 
group, and it correlated significantly with total time of the 
nocturnal oxygen saturation < 90% (r = 0.64, p < 0.005) and 
the lowest nocturnal Sa02 (r = 0.56, p<O.OS). Ventricular 
tachycardia was found in the early morning in one patient, 
ST-T depression in two patients, and sinus arrest in two pa- 
tients in Group 2. 

Conclusion: These findings suggest that sleep-disordered 
breathing associated with severe oxygen desaturation might 
influence heart rate variability not only during sleep but also 
during daytime. OSAS per se might contribute to altered cir- 
cadian rhythm in autonomic activity leading to the develop- 
ment of cardiovascular diseases. 

Key words: sleep apnea, autonomic activity, heart rate, spec- 
tral analysis, oxygen saturation, hypertension 

Introduction 

Obstructive sleep apnea syndrome (OSAS) is characterized 
by recurrent episodes of apnea during sleep. These episodes 
have an immediate effect on the respiratory, circulatory, and 
central nervous systems.', * Untreated patients with this syn- 
drome have a poorer prognosis than patients who undergo tra- 
cheo~tomy.~ The high morbidity and mortality rates associated 
with severe OSAS are mostly attributed to the coexistence of 
various cardiovascular diseases.e The previous epidemio- 
logic studies have shown that snoring, which is characteristic 
of OSAS, is a risk factor for hypertension, angina pe~toris,~"' 
and cerebral infarction,'" but the cause and mechanism of 
these associations are not clearly understood. 
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Arousal, hypoxia, sleep fragmentation, and loss of slow- 
wave sleep may affect the cardiovascular autonomic activi- 
ties and hemodynamic control in patients with OSAS,”-13 
contributing to the poor prognosis for patients with severe 
OSAS.3-s Although heart rate variability is decreased and h s  
decrease is associated with a high mortality rate in patients 
with coronary mery disease, little is known about the cir- 
cadian variation of autonomic activity in patients with OSAS. 

While the lack of appropriate techniques has limited our 
ability to assess the autonomic activity in humans, the spectral 
analysis of heart rate variability, which was introduced to 
quantify the cardiac autonomic activity17* ’* is gaining popu- 
larity in clinical r e~ea rch . ’~ -~~  We investigated the role of cir- 
cadian variations in autonomic activity in patients with OSAS 
using the spectral analysis of heart rate variability with 24-h 
ambulatory electrocardiography (ECG) to determine whether 
the OSAS per se influences circadian rhythm of autonomjc 
activity. 

Methods 

power]: HF ln(ms2), and were expressed in units of Ins2 
(squared amplitude). These values were then transformed in a 
log scale. The HF power expresses parasympathetic activity, 
and the ratio of low-to-high frequency power (LFMF) reflects 
the sympathetic activity, re~pectively.’~. Ix 

Sleep Parameters 

The standard polysomnography (PSG) with pulse oxime- 
try (Pulsox 7, Minolta Co, Ltd, Toyko, Japan) was performed 
in 18 patients with OSAS. Electroencephalogram (EEG) 
(C3-01,04-A1), electro-oculogram, electromyograms, and 
ECGs were continuously recorded and respiration was moni- 
tored with an oronasal thermistor and a thoracoabdominal 
strain gauge. An apneic episode was defined as a cessation of 
airflow at the mouth and the nose lasting > 10 s. We also cal- 
culated the AI [total number of apnedtotal sleep time (h)]. 
OSAS was defined as 30 or more apneic episodes over a 7 h 
period of sleep during both REM and non-REM sleep, and AI 
>5.27 Total time of the nocturnal oxygen saturation below 
90% (time of SaOz<90%) and lowest SaO2 during sleep 
were determined by pulse oximetry. 

Subjects 
Statistics 

We studied I8 male patients with OSAS (age 43-76 years, 
mean 55.9 years) and 10 healthy men without OSAS (age 
45-65 years, mean 53.2 years) as age-matched controls. The 
control subjects, who were of almost ideal body weight, did 
not have cardiovascular or respiratory complications. Patients 
with OSAS were classified according to the severity of the dis- 
ease:4 patients with an apnea index (AI) < 20 were considered 
to have mild OSAS (Group 1, n = 8) and patients with an AI 2 
20 were considered to have severe OSAS (Group 2, n = 10). 
Left ventricular hypertrophy (LVH) and cardiac function were 
evaluated using echocardiography. Left ventricular hypertro- 
phy was defined as an interventricular septa1 thickness or a 
left ventricular posterior wall thickness 2 12 mm. 

Data Acquisition and Analysis of Heart Rate Variability 

All subjects underwent 24-h ambulatory ECG with a Hol- 
ter monitor (Marquette Electronics, Inc., Milwaukee, Wis.), 
using bipolar CMs (standard Vs lead position) and CCs leads. 
During monitoring, the subjects were instructed to perform 
their daily routines and to keep a diary of their symptoms and 
physical activities (waking, sleeping, exercise, etc.). 

Power spectral analysis was performed with the Marquette 
8000R system and R-R interval analysis software (version 
002A). QRS complexes were identified and only normal-to- 
normal (NN) intervals were analyzed. The hourly power spec- 
tra data were determined as the average of 30 spectra over 2 
min periods and the results were calculated by the 256 point 
Fourier transformation. Marquette spectral measures were 
computed hourly, and the overall average of the test duration 
was determined. These data were quantified by area in two fre- 
quency bandwidths: 0.04 to 0.15 Hz [low frequency (LF) 
power]: LF In(ms2), and 0.15 to 0.40 Hz [high-frequency (HF) 

The results are expressed as mean r standard deviation 
(SD). Data were analyzed by ANOVA, and a p value < 0.05 
was considered statistically significant. A periodic regression 
curve of the 24-h power spectral density was derived by Four- 
ier transformation, and the level and pattern of the curve wen: 
assessed by periodic analysis of covariance.2x 

Results 

There were no significant differences in age and body 
height between Groups 1 and 2 (Table I). The incidence of 
obesity, body weight, prevalence of hypertension (> 160l9.4 
mmHg), and the A1 were significantly higher in Group 2 than 
in Group 1. Time of Sa02 <90% was significantly longer i n  
Group 2 than in Group 1. Based on the patients’ diaries, there 
was no significant difference in their daily routines, that is, 
the times at which they woke or slept, or in total sleep time, 
The levels of the physical and mental activity were similar iii 
both groups. 

There was no significant difference among Groups I and 2 
and the control subjects in the parameters of 24 h heart rate 
variability (Table 11). The periodic regression curves of the 24 
h LF, HF, and LF/HFratio in the subjects were statistically r e  
liable (p<O.001) (Fig. 1). In the control subjects, HFpeaked ;It 
3 A.M., and then decreased until 9 A.M. The HF remaintained 
stable throughout the day, reaching its nadir at 7 to 8 PM. 
Although LF peaked at about 3 to 4 A.M., there was no signit‘- 
icant difference between nighttime and daytime in the level of 
LF. The nadir of the LF/HF ratio occurred at 3 to 4 A.M. The 
LF/HFratio increased progressively until it peaked at about 7 
to 8 P.M. There was no significant difference between Group I 
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TABLI. I Features in obstructive sleep apnea syndrome 

Apnea index 

Group 1 Group 2 
< 20 1 20 
n = 8  n =  10 pValue 

~ ~~~ 

Age (years) 58.6t9.87 53.9k8.27 NS 
Height (cm) 166k7.74 16322.59 NS 
Weight (kg) 67.5 t 12.0 78.7 * 8.77 <0.05 
Obesityindex(Broca)(%) 12.7+ 11.1 38.22 14.6 <0.005 
Prevalence of HT (%) 12.5 70.0 <0.05 
PrebalenceofLVH (%) 12.5 30.0 NS 
No. ol'apneas 84.1 k40.4 347k I24 <O.C01 
Apnea index (/h) 11.924.69 43.7-~ 16.1 <O.OOI 
Lowest Sa@ (9%) 78.3 k 10.2 63.1 k 9.83 <0.01 
T i m  of Sa@< 90% (min) 16.9 t20.0 98.4 k 43.7 <0.00 1 

Values are given mean 2 SD. 
Apnea index =number of apneas per hour. Time of SaO2 <90% = to- 
tal time of the nocturnal oxygen saturation 4 0 % .  
Ahbru\irrrinr~s: HT =hypertension, LVH = left ventricular hypertro- 
phy, NS = not significant, SD = standard deviation. 

TABU I 1  Comparison of LF, HF, LFkIF and mean NN between 
age-matched control subjects and patients with obstructive sleep ap- 
nea syndrome 

Group I Group 2 
Group C A1 <20 A1 220 

24-hour average 
LF lln(m\2)J 5.76 k 0.58 
HF I In( in$?) I 4.46 k 0.56 
LFMF 1.31 20.11 
Mean NN (1115) 863 k 57.5 

LF 1 In( n d ) ]  5.80k0.67 
HF Iln(ms2)] 4.50 k 0.58 

LFA F 1.30 k 0.09 

From 4 A.M. to I2 noon 

h 

h 

5.52 2 0.54 5.63 t 0.69 
4.5 1 t 0.80 4.23 & 0.66 
1.27 k0.W 1.34k0.12 
830k 117 765k93.5 

7 

6.5 
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3 
v) 

g5.5 - 
I 

LL 
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..I.... 

0 6 12 18 24 
(4 Time of day (h) 

0 6 12 18 24 
(B) Time of day (h) 

5.69 tO.72 5.20k0.72 
4.5 1 2 0.84 3.80 k 0.57". 

1.28 k0. I 1 1.40~0.10"~ 

Mean NN (ms) 881 &62.4 880k75.0 741 t 163"," 

( I  p < 0.05 controls (Group C) vs. Group 2.  

Abbrr\iurions: mean NN = mean of all RR intervals between nor- 
mal beats. Other abbreviations as in Table I. 

p <O.OS Group I vs. Group 2. 

and control group in the circadian rhythms of LF, HF, and 
LF/HF ratio (Fig. 1). 

In Group 2, LF and HF peaked at about 2 A.M. and then 
decreased until 9 A.M. The LF and HF were stable through- 
out the day until 7 to 8 P.M., when they began to increase, and 
continued to increase until 2 A.M. The nadir of LF and HF 
were significantly lower in Group 2.  The nadir in LF/HF ratio 
occurred soon after the onset of sleep (about 1 to 2 A.M.). The 
LF/HF ratio increased progressively, pealung at 9 A.M., re- 
mained stable throughout the day, and then decreased until 
1 to 2 A.M. The circadian rhythms of LF, HF, and LF/HF 

1.5 

1.4 

1.2 2 
-1 

1 

0.8 

x : Controls 0.89 <0.001 
0 : Group 1 0.75 <0.001 
0 : Group 2 0.90 <0.001 

0 6 12 18 24 
(C) Time of day (h) 

FIG. 1 Circadian rhythms in (A) low frequency (LF), (B) high fre- 
quency (HF), and (C) LFkIF. AI = apnea index, OSAS =obstructive 
sleep apnea syndrome, Group C = controls, Group 1 = mild OSAS 
(AI<20),Group2=severeOSAS (A1220). 
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FIG. 2 (A) Correlation between the high frequency (HF) from 4 
A.M. to 12 noon and lowest Sa02 during sleep, and (B) correlation 
between ratio of low-to-high frequency power (LFNF) from 4 A.M. 
to I2 noon and total time during which nocturnal oxygen saturation 
was ~ 9 0 % ~  (time of Sa02<90%) in patients with obstructive sleep 
apnea syndrome. 

ratio in Group 2 were significantly different from those in the 
control group or in Group 1 (p < 0.05) (Fig. I ) .  Neither hyper- 
tension nor LVH significantly influenced the circadian varia- 
tion in the HF and LF/HF ratio. 

The mean HF from 4 A.M. to 12 noon was significantly 
lower, and the mean LF/HF ratio during the same period was 
significantly higher in Group 2 than in the control group or in 
Group I (Table IJ). The mean HF and the mean LFMF ratio 
tiom 4 A.M. to 12 noon correlated significantly with the lowest 
Sa02 during sleep (HF: r = 0.58, p < 0.05, LF/HF ratio: r = 0.56, 
p <: 0.05) (Fig. 2)  (Table 111). The mean LF/HF ratio correlated 
significantly with time of Sa02<90% (r = 0.64, p<0.005) 
(Fig. 2)  (Table HI). 

Ventricular tachycardia was found in the early morning in 
one patient, sinus arrest in two patients, and ST depression in 
two patients in Group 2. 

TABLE III 
noon and pol ysoinnographical variables 

Correlations between HF and LFNF from 4 A.M. to 12 

HF LFNF 

No. of apneas 0.42 0.35 
Apnea index 0.44' 0.37 
Lowest SaOr 0.58" 0.56'' 
Time of Sa02 <90% 0.41 [ 0.64" 

p < 0.005. 
/'p c. 0.05. 

Data are correlation coefticients. 
Abbreviations as in Table I. 

' p 4 . 1 .  

Discussion 

The power spectral analysis of heart rate variability in the 
present investigation showed that ( I )  LF and HF were sup- 
pressed from early morning to daytime, and LF/HF ratio 
was elevated during sleep and daytime in patients with se- 
vere OSAS compared with patients with mild OSAS and 
control subjects, ( 2 )  neither hypertension nor LVH signifi- 
cantly influenced the circadian rhythm in heart rate variabil- 
ity in patients with OSAS. These findings suggest that 
OSAS per se may contribute to abnormal circadian rhythm 
of autonomic activity leading to the development of cardio- 
vascular diseases.29, 3o 

The heart rate changes cyclically in response to an apnea 
and a subsequent hyperventilation. The magnitude ofthe dc- 
crease in heart rate associated with the apneic episodes is rc- 
lated to the severity of oxygen desat~ration, '~, I s  and hypoxia 
resulting from the futile inspiratory efforts with an obstruct- 
ed airway may activate the parasympathetic nervous sys- 
tem.31-33 The reflex bradycardia, which is presumably me- 
diated by the peripheral chemoreceptors and the vagi, is 
reversed by the pharmacologic vagal blockade."-I.' The ter- 
mination of obstructive apnea induces cortical arousal, which 
is usually associated with a marked decrease in the parasym- 
pathetic activity and an increase in heart rate.33 In contrast, the 
sympathetic nervous system is activated by hypoxia, respira- 
tory acidosis, and cortical arousal, all of which may contribute 
to an abrupt elevation in heart rate and blood pressure when 
the patency of upper airway is restored.33-3h Thus, the tran- 
sient hemodynamic changes have been observed at the termi- 
nation of apnea and may be caused by the consequences of 
sleep-disordered breathing, such as cortical arousals, oxygen 
desaturation, swing in intrathoracic pressures, or increased 
sympathetic activity. However, the chronic effect ofsleep-dis- 
ordered breathing on the autonomic activity or cardiovascular 
system is not fully known. 

Somers et ~ 1 . ' ~  reported that the sympathetic activity in 
muscle and blood pressure during sleep were more elevated 
in patients with OSAS than in normal control subjects. l h e  
nocturnal concentration of plasma norepinephrine in patients 
with OSAS was increased and correlated with the severity 
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of overnight oxygen desaturation.>' In the w t  investiga- 
tion. 1 .I; mci HF decreased from early e i n g  to daytinlc. 
the LHHF ratio which reflects sympathetic activity W35 in- 
creased pamcubly during nighttime and the lirst hours after 
awakening, and showed morning surge of the LF/HF ratio in 
patients with severe OSAS. It was proportional to the degree 
of the nocturnal oxygen de\aturation. The circadian pattern of 
L,F/HF ratio was consistent with the circadian variation in 
blood pressure, which was previously observed in patients 
with severe oxygen desat~ration.~~ We also found that hyper- 
tension and LVH were more prevalent in patients with severe 
OSAS than in those with mild OSAS. The mechanisms of 
daytime hypertension in OSAS has not been clearly demon- 
strated. Our findings suggest that frequent episodes of hy- 
poxia, respiratory acidosis, pleural pressure swings, arousal 
responses, and the resulting elevation in catecholamine secre- 
tion may contribute to an elevation in sympathetic activity, 
not only during nighttime but also during Ab- 
normal circadian rhythm of autonomic activity in patients 
with severe OSAS may lead to the development of daytime 
hypertension and LVH,30,4' which may be supported by a re- 
port from a canine model of Brooks el al. 29 

The early morning dip in the HF in patients with severe 
OSAS, indicating the suppressed parasympathetic activity, 
may have been related to the severity of nocturnal oxygen de- 
saturation. The poor prognosis for patients with severe OSAS 
may be related to the increased incidence of cardiovascular 

The abnormality in autonomic activity, 
which was indicated by decreased indices of heart rate vari- 
ability, is related to an increase in the susceptibility to the ven- 
tricular arrhythmias, cardiac failure, diabetes, and risk factor 
for mortality post myocardial infarction. Myocardial in- 
farction, ischemia, and sudden cardiac death occur predomi- 
nantly in the early m0rning.2~. 25 Humoral vasoconstrictors, 
norepinephrine, plasma viscosity, platelet aggregability, and 
vascular resistance significantly increase in the morning.24 
REM sleep in the morning is related to ischemia, cardiac 
arrhythmia, and sudden cardiac death.23-26 Therefore, the 
suppressed parasympathetic activity in the early morning to 
daytime, which was indicated by decreased HF in patients 
with severe OSAS in our study, might contribute to ischemic 
changes, cardiac arrhythmia leading to cardiovascular acci- 
dent, and development and progression of the cardiovascular 
atherosclerotic diseases.l4> 1 5 3 2 1  The imbalance between sym- 
pathetic and parasympathetic activity may be related to the 
high prevalence of cardiovascular disease in OSAS, not sim- 
ply tu reductions in vagal tone. 

The HF disappears after the administration of atropine, 
suggesting that it may reflect vagal activity!2 The possibility 
of providing an index of the sympathetic activity is less well 
established, although the ratio of LF to HF components has 
been used as an index of overall sympathovagal balance in 
normal subjects.Ig The LFcomponent seems to correspond to 
Mayer waves.47 Speculation about the origin of the LF com- 
ponent includes body temperature,44 blood fluctua- 
tions in activity of the renin-angiotensin system,18 barorecep- 
tor reflexes,% and periodic breathis~g!~,~~ We cannot exclude 

the possibility that some, even if not all, parts of these compo- 
nents could arise from the sympathetic regulation. The spe- 
cific frequency of heart rate variability mediated by periodic 
breathing is < 0.04 Hz.~', 48 The LF (0.04-0.15 Hz) was un- 
likely to be influenced by periodic breathing in the present 
study. 

Spectral analysis of heart rate variability provides impor- 
tant information about the influence of sleep apnea on the cir- 
cadian variation of autonomic activity. Our findings suggest 
that disturbed circadian rhythm of autonomic activity may 
increase the morbidity and mortality related to underlying 
cardiovascular atherosclerotic diseases. 
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