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หลักการและวัตถุประสงค: ภาวะหยุ ดหายใจขณะ
นอนหลับจากการอุดก้ัน (OSA) มีความสัมพันธกับความผิด
ปกตขิองระบบประสาทออโตโนมคิหรือไมยงัคงเปนทีถ่กเถยีงกันอย ู
การศกึษาคร้ังน้ีจงึมวีตัถปุระสงคในการประเมนิการเปล่ียนแปลง
ของระบบประสาทออโตโนมิค โดยใชความแปรปรวนของ
การเตนหัวใจ (HRV) ในผ ูปวย OSA ทั้งเพศชาย และหญิง
วิธีการศึกษา: ศึกษากล ุมผ ูปวย OSA และกล ุมคนปกติ
กล ุมละ 18 ราย ทีไ่มไดรับการรักษา มรีะดับความรุนแรงของ
โรคอย ูในระดับปานกลางถึงรุนแรง อายุระหวาง 30-70 ป
เทียบเคียงเพศและอายุเทากัน การศึกษา HRV ไดวิเคราะห
ทานอนและทาเอียง 70 องศา
ผลการศึกษา: พบวาผ ูปวย OSA มคีาดัชนีมวลกายมากกวา
(p<0.05) และมีการลดลงของคารอยละคาเฉล่ีย ความอ่ิมตัว
ของออกซิเจนในเลือด (p<0.05) แมวาดัชนีการหยุดหายใจ
และหายใจแผว (AHI) คือ 17.8  3.7คร้ังตอชั่วโมง ซ่ึงเปน
ตัวบงชี้ถึงความรุนแรงของโรคระดับปานกลาง ดัชนีการตื่น
คือ 32.0  9.7 คร้ังตอชั่วโมงบอกถึงระดับความรุนแรงของ
โรคเมื่อเทียบกับกล ุมคนปกติ พบวาคาความถี่สูง (HF)
ไมแตกตางกันระหวางกล ุมผ ูปวย OSA กับกล ุมคนปกติ
ในขณะที่ผ ูปวย OSA มีการเพิ่มขึ้นของคา SDNN, LF/HF
ratio (p<0.05) และการลดลงของคา RMSSD (p<0.001)
ทั้งในทานอนราบและทาเอียง 70 องศา นอกจากน้ีคา LF
ในผ ูปวย OSA ยงัมกีารเพิม่ขึน้ในทาเอียง 70 องศาเมือ่เปรียบ

Background and Objectives: Whether obstructive
sleep apnea (OSA) is associated with abnormal
function of autonomic nervous system is still debatable.
The purpose of this study was to evaluate the presence
of autonomic modulation using heart rate variability
(HRV) in both male and female OSA patients.
Methods: Eighteen untreated moderate to severe OSA
patients aged between 30 to 70 years old and 18
gender- and age-matched non-OSA patients were
studied. HRV was analyzed at rest and a 70o head-up
tilt.
Results: Body mass index was higher (p<0.05) and
mean oxygen saturation (%) was lower (p<0.05) in OSA
patients. Although the mean AHI was 17.8  3.7 events/
hour which is indicative of moderate OSA, the arousal
index of 32.0  9.7 events/hour signifies severe OSA.
Non-OSA and OSA patients were comparable for HF
whereas OSA patients exhibited significant increased
SDNN and LF/HF ratio (p<0.05) and decreased RMSSD
(p<0.001) in either supine or 70o head-up tilt positions.
Furthermore, LF was significantly greater in a tilt
position in OSA compared to non-OSA patients. In
comparison with supine, the tilt position showed
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เทียบทานอนกับทา เอียง 70 องศา พบวามีการเพิ่มขึ้นของ
คา LF (p<0.001), LF/HF ratio (p<0.001) และมี การลดลง
ของคา HF (p<0.001) ในกล ุมคนปกติ ขณะที่ กล ุมผ ูปวย
OSA ที่มีการเพิ่มขึ้นของคา SDNN (p<0.05), LF (p<0.001)
และ LF/HF ratio (p<0.001) อยางไรก็ตามคา LF/HF ratio
มีการเพิ่มขึ้นในกล ุม OSA เมื่อเทียบกับ กล ุมคนปกติ (2.6 
1.1 และ 1.5  0.4) (p<0.001)
สรุป: ผลการศึกษาคร้ังน้ีแสดงใหเห็นวา ภาวะหยุดหายใจ
ขณะนอนหลับจากการอุดก้ันอาจทําใหการควบคุมการ
ทํางานของหัวใจดวยระบบประสาทออโตโนมิคบกพรองได

คําสําคัญ: ความแปรปรวนของการเตนของหัวใจ ภาวะหยุด
หายใจขณะนอนหลับจากการอุดก้ัน

significant increased LF (p<0.001) and LF/HF ratio
(p<0.001), and decreased HF (p<0.001) in the non-OSA
group while significant increased SDNN (p<0.05), LF
(p<0.001) and LF/HF ratio (p<0.001) were observed in
the OSA group. Nevertheless, LF/HF ratio were greater
in the OSA compared to that of the non-OSA group in a
head-up tilt (2.6  1.1 vs. 1.5  0.4) (p<0.001).
Conclusion: Our findings demonstrate that cardiac
autonomic control may be attenuated by OSA.

Keywords: Heart rate variability, Obstructive sleep
apnea

Introduction
Obstructive sleep apnea (OSA) is a common

disorder affecting at least 2-4% of the Caucasian
population and 3.5-5.3% of Thais 1. The signs,
symptoms and consequences of OSA are a direct result
of the derangements due to repetitive collapses of the
upper airway: hypoxemia and increased sympathetic
activity2. Previous studies have reported that in OSA,
the recurrence of apneas all through the night elicits a
typical and cyclic heart rate pattern consisting of cyclical
bradycardia and tachycardia. Possible mechanisms
proposed to explain these changes are the potentially
pro-arrhythmic contributions of apnea-induced hypoxia
and increased sympathetic nervous system (SNS)3, 4.

Cardiac autonomic function can be non-invasively
assessed by analyzing the heart rate variability (HRV),
which quantifies the changes in beat-to-beat intervals
influenced by the effects of the SNS and parasympa-
thetic nervous systems (PNS) on the sino-atrial nodes,
and hence, heart rate (HR)3, 5. Early in the investigation
of OSA patients, it is recognized that the events of
apnea and hypopnoea are accompanied by
concomitant cyclic variations in HR6. The OSA patients
have baroreflex and central respiratory-cardiovascular
neuron activity damage7. Nonetheless, conflicting results
have been reported. Regarding low frequency power

(LF), high frequency power (HF) or square root of the
mean of the sum of the squares of differences between
adjacent NN intervals (RMSSD) and LF/HF represents
SNS, PSN and sympathovagal balance, respectively. In
patients with OSA, LF and LF/HF ratio was higher while
HF was lower compared to those of the control group8, 9.
On the other hand, RMSSD, HF, LF was lower whereas
LF/HF was greater in the OSA patients than the non
OSA group10. HF was greater whereas LF and, hence,
LF/HF was lower3, and LF was greater while HF and
LF/HF ratio were not different compared to the control
group2.

A previous study demonstrated in healthy subject’s
measurement of HRV in postural supine to tilt-testing
caused significant increases in LF, LF/HF ratio
indicating increased SNS and decreased HF indicating
decreased PNS11-13. The head-up tilt table test used to
assess the sympathovagal balance has never been
previously studied in the OSA patients.

Materials and Methods
Study design and population

The study was treatment, non-randomized and
open-labeled approved by the Human Research Ethics
Committee, Khon Kaen University, and informed assent
was obtained from each participant. Eighteen OSA
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patients aged between 30 to 70 years old volunteered
to participate in the study and 18 age-matched non-OSA
subjects of both genders were analyzed. All patients were
recruited from the Sleep Disorder Clinics, the Faculty of
Medicine (Srinagarind Hospital, Khon Kaen University).
Patients were diagnosed with medical specialists by the
polysomnography (PSG), provided that the test results
within a period not exceeding one month. Clinically,
patients with an apnea–hypopnea index (AHI) > 15 per
hour with no history of cardiovascular (i.e. coronary heart
disease and myocardial infarction) were studied. Patients
with history of central sleep apnea, autoimmune
conditions and symptoms of respiratory tract infection 6
weeks prior to the study were excluded.

Experimental Protocols
Each participant was asked to have a visit to our

Laboratory Unit. On the visit, physical examinations,
measurements of anthropometry and HRV were
obtained. Height and weight were measured for each
participant, according to the WHO guidelines. The BMI
was calculated as weight (kg) divided by height (m2).

HRV measurement
HRV was measured by an autoregressive power

spectral analysis of R-R electrocardiographic interval
acquisi tion (LapChart 7, Power Lab
26TADINSTRUMENTS,  Australia). The test involved
lying quietly on a bed (V.S. ENGINEERING, US.) for 10
min and being tilted at angles (700) for a period of 7 min
while EKG was monitored. HRV was analysed during
the 5-min period just before tilt during supine rest and
during the 5-min period immediately after tilt. All
participants were prepared for electrode placement to
measure R-R interval via a 3-lead EKG. HRV can be
assessed in two ways: by calculation of indices based
on statistical operations on R-R intervals (time domain
analysis) or by spectral (frequency domain) analysis of
an array of R-R intervals.

Time domain analysis
Parameters of the time domain are standard devia-

tion of all NN intervals (SDNN), standard deviation of
the averages of NN intervals (SDANN) and RMSSD.

SDNN and RMSSD represent total power and
parasympathetic activity.

Frequency domain analysis
To evaluate the ANS activity in each subject of the

present study, low frequency (0.04 – 0.15 Hz), high
frequency (0.15 – 0.4 Hz), and total power (0 – 0.4 Hz)
were analyzed by integrating the spectrum for the
respective bandwidth. The ratio between low- and
high-frequency spectra (LF [ms2]/HF [ms2]) is used as
an estimation of the interaction between vagal and
sympathetic influences on the cardiac pacemaker14.

Statistical Analyses
Data were expressed as mean  SD. The Stata 10

Statistical software was used to perform the statistical
analysis. Unpaired t-test was used to compare
differences in characteristics and all parameters between
OSA patients and control group. A value of p<0.05 was
taken to be the threshold of statistical significance.

Results
Clinical characteristics of 18 OSA patients and 18

aged matched non-OSA controls are summarized in
Table 1. Of the 18 OSA patients and non-OSA group,
13 were males whereas 5 were females. As can be seen,
mean oxygen saturation (%) was significantly decreased
in OSA compared to non-OSA group (p<0.05). The OSA
group had a significant increase in BMI (p<0.05) in
comparison with non-OSA group. Besides, 11 and 7
presented with controlled hypertension and
normotension, respectively. AHI was 17.83.7 events/
hoor of TST which is indicative of moderate OSA, the
arousal index of 32.0  9.7 events/hour signifies severe
OSA.

Comparisons of HRV between patients with OSA and
Non-OSA groups

Time and frequency domain variables of HRV among
the patients with OSA and non-OSA group are listed in
Table 2 and Fig. 1, 2 and 3. OSA patients showed sig-
nificant increases in SDNN and LF/HF ratio (p<0.05)
but RMSSD was significantly decreased compared to
non-OSA group (p<0.001). Moreover, LF and HF were
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not different between the 2 groups in a supine position.
In a tilt position, OSA patients showed significant in-
creases in SDNN (p<0.05), LF (p<0.001) and LF/HF ratio
(p<0.001) whereas RMSSD was significantly decreased
but not HF compared to non-OSA group (p<0.001). In
the OSA patients, a tilt position resulted in no changes
in RMSSD and HF, increased SDNN, LF and LF/HF
ratio (p<0.05) (Table 2 & Fig. 2). Additionally, the non-
OSA group showed increases in LF and LF/HF ratio
and decreases HF (p<0.001) and no changes in SDNN
and RMSSD (Table 2).

Discussion
In the present study, OSA patients had higher BMI

compared to non-OSA group which similar to
previous studies2, 3, 6. However, some studies
demonstrated no significant difference in BMI between
patients with OSA and non-OSA group8, 15.

The main findings of this study were (i) increases in
SDNN and LF/HF ratio and decreases in RMSSD in
supine position in OSA group; (ii) increases in SDNN,
LF and LF/HF ratio in tilt-testing in OSA group; (iii)
increases in LF and LF/HF ratio together with decreases
HF in tilt-testing in non-OSA group and (iv) similar
increases in SDNN, LF and LF/HF ratio in tilt-testing in
OSA comparison to non-OSA group.

Table 1 Clinical characteristics in OSA and non-OSA.

Subjects (n)
Age (yrs)
BMI (kg/m2)
Gender (M/F)
AHI (events/h of TST)
Arousal index (events/h)
Mean oxygen saturation (%)
HR at rest  (beats/min)
MAP (mm Hg)
Controlled hypertension (n)
Normotension(n)

18
53.8  10.5
28.8  6.5*

13/5
17.8  3.7
32.0  9.7
97.1  1.2*

77.1  12.6
96.4  9.2

11
7

18
53.7  10.4
23.4  1.7

13/5
0
0

97.7  0.4
75.2  11.9
89.5  11.4

0
18

                     OSA             non-OSA

group (mean  SD). OSA, obstructive sleep apnea; BMI, body
mass index; AHI, apnea hypopnea index; TST, total sleep
time; HR, heart rate; MAP, mean arterial pressure; M, male; F,
female.*p<0.05, OSA vs non-OSA

Table 2 The measurement of HRV assessed in supine
and tilt positions in non-OSA and OSA group. OSA,
obstructive sleep apnea; SDNN, standard deviation of
all NN intervals; RMSSD, square root of the mean squared
differences of successive NN intervals; LF, low frequency;
HF, high frequency.

Supine

Tilt

Time domain
SDNN (ms)
RMSSD (ms)
Frequency domain
LF (n.u.)
HF (n.u.)
LF/HF ratio
Time domain
SDNN (ms)
RMSSD (ms)
Frequency domain
LF (n.u.)
HF (n.u.)
LF/HF ratio

48.1  12.1*

28.3  18.8#

52.1  16.8
34.5  12.8
1.8  1.1*

58.4  13.3*, 

21.9  16.1#

68.8  10.1#, 

29.5  12.6
2.6  1.1#, 

44.3  10.7
51.1  15.4

43.8  9.2
41.4  8.5
1.1  0.2

49.1  11.5
50.6  17.9

54.1  13.0  

36.5  7.9  

1.5  0.4  

Position                        OSA                 non-OSA

*p<0.05, OSA vs non-OSA; #p<0.001, OSA vs non-OSA; p<0.05
supine vs tilt in OSA; p<0.001, supine vs tilt in non-OSA

HF and LF are generally regarded as a reflection
of vagal tone, and albeit less pure, of sympathetic tone.
The LF/HF ratio can therefore be regarded as
sympathovagal balance or the ratio of sympathetic to
vagal tone measured by periodic fluctuations in HR15.

In supine rest, the present study found that
significantly increased of SDNN in patients with severe
OSA compared to non-OSA group which is in lines with
previous studies3, 6, 8suggesting a significant increase in
overall autonomic nervous activity. Similarly, these
studies also recruited moderate to severe OSA patients
with controlled hypertension and obesity. On the
contrary, a significant decrease in SDNN in patients with
mild to severe OSA compared to that of non-OSA groups
has been reported10. This study also found that RMSSD
was significantly decreased in patients with OSA
compared to non-OSA group. This finding is consistent
with previous studies3, 6, 9, 10 but not with studies which
reported a significant increase2 or no difference in
RMSSD7, 8. Our observation that no difference in LF in
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Figure 1 Comparison of the time and frequency domain
variables between non-OSA and OSA group. SDNN,
standard deviation of all NN intervals; RMSSD, square
root of the mean squared differences of successive NN
intervals; LF, low frequency; HF, high frequency *p<0.05,
non-OSA vs OSA; #p<0.001, non-OSA vs OSA
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Figure 2 Comparison of the time and frequency domain variables between supine and tilt positions in patients with
OSA. SDNN, standard deviation of all NN intervals; RMSSD, square root of the mean squared differences of
successive NN intervals; LF, low frequency; HF, high frequency p<0.05, supine vs tilt
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Figure 3 Comparison of the time and frequency domain variables between supine and tilt positions in non-OSA
group. SDNN, standard deviation of all NN intervals; RMSSD, square root of the mean squared differences of
successive NN intervals; LF, low frequency; HF, high frequency p<0.001, supine vs tilt
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patients with OSA compared to non-OSA group is
consistent with a study in 20116. On the other hand,
either increased LF2, 8, 9 or decreased LF3, 10 has been
demonstrated previously. Moreover, there was no
difference in HF in patients with OSA compared to
non-OSA groups in our study – the finding being
consistent with several studies2, 6 but not with studies
reporting either increased HF3or decreased HF8, 9, 10.
Observation that LF/HF ratio, a value indicative of
sympathovagal balance, was significantly greater in OSA
compared to non-OSA groups is in agreement with the
previous studies3, 8, 10’ 2, 6. These discrepancies between
studies are probably due to severity of OSA, controlled
hypertension or normotension, male to female ratio,
duration of OSA and age of OSA patients recruited.

In comparison to a supine position, the non-OSA
group increased SDNN, LF and LF/HF ratio, and
decreased RMSSD and HF observed in the present study
being similar to several studies16-19. It is a result of an
increased sympathetic activity in combination with a
decrease in vagal activity due to sino-aortic baroreflexes.
In the OSA patients, only increased SDNN, LF and LF/
HF ratio not a decreased RMSSD or HF were found.
Further, sympathovagal balance was greater in the OSA
group compared to the non-OSA group. Clearly, there
was an increased sympathetic activity but no reduction
in vagal activity. This study suggests that the OSA
patients may have impairment of sino-baroreflexes
hypothesized by other studies2,3, 8.

In conclusion, the present study has demonstrated
impaired cardiac autonomic control in Thai patients with
OSA. Nevertheless, greater number of observation is
crucial before definite conclusion can be drawn.
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