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Inducers of post-apneic blood pressure fluctuation monitored by pulse
transfer time measurement in obstructive sleep apnea varied
with syndrome severity
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Abstract
Purpose This study investigated the properties of blood pressure (BP) fluctuation and sympathovagal imbalance with the severity
of OSAS.
Methods Nocturnal BP was continuously monitored by polysomnography for mild (n = 33), moderate (n = 34), and severe (n =
37) OSAS patients. Apnea-related systolic BP elevation (△SBP) indicated the amplitude of BP fluctuation. The SBP index,
number of △SBP > 10 mmHg/h of sleep, indicated the frequency of significant BP fluctuations. The low frequency/high
frequency (LF/HF) ratios indicated heart rate variability and sympathovagal imbalance.
Results △SBP and the SBP index were the highest in severe OSAS (12.9 ± 2.3 mmHg and 33.7 ± 14.7/h), followed by moderate
OSAS (9.5 ± 2.6 mmHg and 7.1 ± 4.4/h), and mild OSAS (8.3 ± 1.6 mmHg and 3.4 ± 2.1/h). The LF/HF ratios in severe OSAS
were significantly higher than that in moderate and mild OSAS. In mild OSAS, arousal played a more important role in BP
fluctuation. In moderate OSAS, the oxygen desaturation index (ODI) and the SBP index were correlated. The difference in △SBP
induced by hypoxia or by arousal was not significant. In severe OSAS, the apnea-hypopnea index (AHI) and LF/HF ratio were
correlated with the SBP index, and △SBP was larger with hypoxia than arousal.
Conclusions BP fluctuation and sympathovagal imbalance were both related to obstructive sleep apnea severity. The influence of
arousal and hypoxia on BP fluctuation varied with OSAS severity.
Trial registration NCT02876471
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Introduction

Obstructive sleep apnea syndrome (OSAS) is characterized by
recurrent episodes of upper-airway obstruction with large fluc-
tuations in arterial blood pressure (BP) during sleep [1].

Increased fluctuation of nocturnal BP may increase the risk of
organ damage independent of the mean BP [2, 3]. Assuming
that repetitive hemodynamic oscillations during apnea adversely
affect cardiovascular structure and function, it becomes impor-
tant to clarify the causes of nocturnal BP fluctuation. Abnormal
sympathovagal balance has been noted in OSAS patients, and it
may directly elevate BP [4, 5]. However, the ways in which BP
fluctuation and sympathovagal balance vary with OSAS sever-
ity are not clear.

Some evidences indicate that arousal and not hypoxia and
mechanical factors that are the primary influence of acute
increases in BP associated with obstructive apneic events [6,
7]. However, the amplitude of post-apneic BP elevations is
closely related to the degree of hypoxia [8], with the maximal
BP elevation occurring at the time of minimal pulse oxyhe-
moglobin saturation (SpO2) during sleep [9]. Different sever-
ity of OSAS was characterized with different degrees of hyp-
oxia. Thus, we hypothesized that the effects of hypoxia and
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arousal on BP fluctuation may vary with OSAS severity. Few
of the previous studies of the amplitude of post-apneic BP
have reported the frequency of overnight BP fluctuations.
Consequently, this study continuously monitored nocturnal
dynamic BP fluctuations during sleep by polysomnography
(PSG) and pulse transfer time (PTT). Overnight apnea and
hypopnea events were analyzed to assess the effects of oxygen
desaturation and arousal on the amplitude of nocturnal BP
fluctuation in patients with OSAS of differing severity. The
association of the frequency of BP fluctuation and sympatho-
vagal imbalance with OSAS severity was also evaluated.

Methods

Subjects

A total of 217 subjects with suspected sleep-disordered
breathing were recruited were recruited at our sleep center
between March 2016 and April 2017 following an overnight
PSG examination. Four patients were taking antihypertensive
drugs. To avoid a drug effect on the results, they were
instructed to stop treatment 3 days prior to enrollment, and
their BP was closely monitored (three cuff measurements on
two separate occasions) after resting seated for ≥ 5 min.
Individuals whose BP was consistently ≥ 180/110 mmHg or
who complained of dizziness, headache, palpitations, and oth-
er clinical syndromes were excluded from the protocol, placed
back on their BP medications, or given clinical intervention
immediately. Patients between 18 and 75 years of age with BP
≤ 180/110 mmHg and with newly diagnosed OSAS or with
OSAS without treatment were eligible. Patients who had been
hospitalized for cardiac or respiratory exacerbations less than
6 weeks previously; those with autonomic nervous system
diseases or with endocrine disorders (that might influence
BP variability); or who were unwilling to participate in the
study were excluded. In total, 104 patients were enrolled and
diagnosed with mild (AHI 5–14, n = 33); moderate (AHI 15–
29, n = 34), or severe (AHI ≥ 30, n = 37) OSAS. Figure 1
displayed a flowchart of study design and process. The study
was approved by the Scientific Research and Technology
Ethics Committee of Huai’an First People’s Hospital (IRB-
KPJ 2016–005-01) and registered in ClinicalTrials.gov. (ID:
NCT02876471); all subjects gave their informed consent.

PSG data

Patients underwent the PSG (SOMNOmedics GmbH,
Randersacker, Germany) study. Sleep recordings included
electroencephalograms (EEGs), left and right electrooculo-
gram, and bilateral chin electromyography. Respiratory vari-
ables were recorded with nasal cannulas, thoracic and abdom-
inal strain gauges, and SpO2.

Cardiovascular testing parameters

Apart from the continuous ECGmonitoring during PSG, non-
invasive frequency-domain analysis was used for assessing
the autonomic nervous system (ANS) regulation of the heart.
The spectral analysis of HR variability we used allows some
degree of separation of the sympathetic and vagal contribu-
tions: low-frequency (0.04–0.15Hz) fluctuations are mediated
by an unknown mixture of sympathetic and vagal influences,
whereas high-frequency (0.15–0.40 Hz) fluctuations are be-
lieved to be solely vagally mediated. Commonly, a balance of
sympathetic and vagal contributions to HR variability is com-
puted from these low- and high-frequency fluctuations. The
LF/HF ratio was used as an index of sympathovagal balance
[10–14]. Office BP was measured with an automatic sphyg-
momanometer on three separate occasions with a 1-min inter-
val. Hypertension was defined as systolic (SBP) ≥ 140 mmHg
or diastolic blood pressure (DBP) ≥ 90 mmHg following
American Society of Hypertension guidelines [15]. Beat-to-
beat BP was monitored during PSG by PTT. The novel cuff-
less continuous BP monitor derived BP from the PTT mea-
surement using a previously described stretch-strain model in
which the PTT reflects short-term changes of BP and hemo-
dynamic parameters [16–18]. BP was measured once with a
BP cuff and that value was used to calibrate the simultaneous-
ly measured PTT value. Using this one-point calibration, ac-
curate systolic and DBP values were calculated for each PTT
value, were synchronized with PSG, and were analyzed by
BDOMINO^ software (version2.7.0, GmbH, Randersacker,
Germany).

Data analysis

Tracings were scored manually following the American
Academy of Sleep Medicine guidelines [19]. Arousal was
defined as an abrupt shift in EEG lasting > 3 s. RERAs was
the respiratory event-related arousals. Obstructive apnea in-
volved absence of airflow for >10 s. Hypopnea involved a
reduction of airflow of > 30% for 10 s that was associated with
≥ 3% desaturation or with arousal. The oxygen desaturation
index (ODI) was the average number of oxygen desaturation
events of ≥ 3%/h during sleep. TST90 was the percentage of
sleep time with oxygen saturation < 90%. Total AHI was the
number of apnea and hypopnea events/hour of sleep. OSA
was defined as an AHI of ≥ 5, and OSA severity was deter-
mined by the AHI score. Mild OSAwas indicated by an AHI
of 5–14; moderate OSA by an AHI of 15–29; and severe OSA
by an AHI of ≥ 30. Event-related systolic BP elevation
(△SBP) was calculated as the gap between the peak post-
apneic SBP and the lowest SBP recorded during an obstruc-
tive respiratory event. The SBP index was the number of
△SBPs of > 10 mmHg that was recorded per hour of sleep
time. △SBP was used to represent the amplitude of BP
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fluctuation, and the SBP index was the frequency of BP fluc-
tuations. Overnight apnea and hypopnea events were classi-
fied as type 1, with only oxygen desaturation; type 2, with
arousal and without oxygen desaturation; and type 3, with
both oxygen desaturation and arousal. To investigate the in-
fluence of oxygen desaturation and arousal on BP fluctua-
tions, differences in the △SBP observed in mild, moderate,
and severe OSAS were compared. For each patient, the 7-h
PSG recording was divided into multiple 5-min intervals, 84
points were sampled. The resulting data was to calculate a
mean value for each interval of LF/HF ratio.

Statistical analysis

Continuous datawere presented asmeans ± SD.Categorical data
were presented as numbers and percentages. The Kolmogorov–
Smirnov and Levine tests were used to assess the normality and
homogeneity of distributions. Nonnormal distributions were
transformed prior to regression analysis and comparison. Chi-
square (χ2) tests were used to assess differences in categorical
data values. Differences of continuous variables observed in
mild, moderate, and severe OSAS were tested by one-way
ANOVA. The Student–Newman–Keuls method was used for
post hoc correction of multiple comparisons. The interrelation
of variables was evaluated by Pearson’s correlation coefficient
and multiple linear regression. A p value of < 0.05 was

considered statistically significant. The statistical analysis was
performed with the SPSS 16.0 (SSPS Inc., Chicago, IL, USA).

Results

Patient characteristics

The patient characteristics and BP data are shown in Table 1.
The mean age was 48.9 ± 11.3 (range 26–74) years, mean body
mass index (BMI) was 27.0 ± 3.8 (range 19.7–35.9) kg/m2.
Seventeen patients (16.3%)were hypertensive; 87 (83.7%) were
normotensive. The mean age and sex distribution in each group
were not significantly different, but the mean BMI, Epworth
Sleepiness Scale (ESS) score, and BP were significantly higher
in patients with severe OSAS than in patients with moderate or
mild OSAS. Compared with mild OSAS, the prevalence of
hypertension was two times higher in patients with moderate
OSAS and five times higher in those with severe OSAS.

PSG and BP variability

As shown in Table 2, patients with a high AHI tended to have
significantly increased RERAs occurrence, ODI, and TST90
and decreased SpO2 and minimum SpO2 (all p < 0.01).
Apnea, hypopnea, and hypoxia durations were longer in se-
vere OSAS than in mild and moderate OSAS (all p < 0.05).

Fig. 1 A flowchart of study
design and process
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Both △SBP (12.9 ± 2.3 mmHg) and the SBP index (33.7 ±
14.7/h) were the highest in severe OSAS followed by moder-
ate OSAS (9.5 ± 2.6 mmHg and 7.1 ± 4.4/h) and mild OSAS
(8.3 ± 1.6 mmHg and 3.4 ± 2.1/h). The differences were all
significant (all p < 0.05). In severe OSAS, awake (2.4 ±
0.8%) and asleep (2.6 ± 1.0%) LF/HF ratios were significantly
higher than in moderate (2.2 ± 1.1% and 1.7 ± 0.7%) and mild
(1.9 ± 0.6% and 1.6 ± 0.6%) (all p < 0.05) OSAS. The differ-
ences in mild and moderate OSAS were not significant.

Event-related SBP elevations in patients vary
with OSAS severity

The beat-to-beat BP changes in response to arousal and hyp-
oxia in patients with different OSAS severity are shown
in Fig. 2. In mild OSAS, the amplitude of SBP change, i.e.,
△SBP induced by arousal (type 2, 8.5 ± 1.6 mmHg) was larger
than that induced by oxygen desaturation (type 1, 6.5 ±
1.9 mmHg, p < 0.01), but △SBP in response to arousal (8.7

Table 1 Patient characteristics
and BP data Mild OSAS (n = 33) Moderate OSAS OSA (n = 34) Severe OSAS OSA (n = 37)

Age (year) 49.1 ± 12.3 50.0 ± 10.1 47.5 ± 11.7

BMI (kg/m2) 26.3 ± 3.4 25.9 ± 3.1 28.9 ± 4.0ab

Neck circum (cm) 36.8 ± 3.9 36.8 ± 4.5 40.4 ± 4.2ab

Waist circum (cm) 98.6 ± 6.2 100.1 ± 6.1 106.2 ± 7.8ab

ESS (score) 3.9 ± 2.0 5.4 ± 2.3a 12.1 ± 5.0ab

Hypertension (n (%)) 2 (6.1) 5 (14.7) 10 (27.0)a

Female (n (%)) 9 (27.2) 9 (26.4) 11 (29.7)

Cuff SBP (mmHg) 124.1 ± 10.7 127.8 ± 11.4 132.3 ± 18.5a

Cuff DBP (mmHg) 78.8 ± 8.1 80.2 ± 8.6 83.5 ± 14.0a

Awake SBP (mmHg) 122.9 ± 10.7 125.5 ± 11.7 135.4 ± 19.6ab

Awake DBP (mmHg) 78.6 ± 7.5 78.7 ± 9.1 84.9 ± 13.6a

Asleep SBP (mmHg) 119.0 ± 9.2 121.7 ± 12.1 133.7 ± 19.8a

Asleep DBP (mmHg) 75.2 ± 8.4 77.1 ± 9.1 84.4 ± 13.8a

BMI, body mass index; ESS, Epworth Sleepiness Scale; awake SBP (DBP), mean systolic (diastolic) blood
pressure determined by PTT during a 10-min quiet wakefulness period before sleep onset; sleep SBP (DBP),
average of the systolic (diastolic) blood pressure during sleep; a p < 0.05 vs. mild OSA; b p < 0.05 vs. moderate
OSA

Table 2 Polysomnographic and
systolic BP characteristics of
OSAS patients

Variables Mild OSAS (n = 33) Moderate OSAS (n = 34) Severe OSAS (n = 37)

TST (h) 5.6 ± 1.1 5.5 ± 1.1 5.9 ± 0.9

AHI (events/h) 11.1 ± 2.2 22.4 ± 3.9a 60.4 ± 15.4ab

ODI (events/h) 6.6 ± 2.8 14.9 ± 5.5a 54.6 ± 17.9ab

MeanSpO2 (%) 95.1 ± 1.5 94.8 ± 1.2 92.2 ± 2.2ab

MinSpO2 (%) 87.3 ± 3.6 83.5 ± 5.3a 70.1 ± 8.4ab

TST90 (%) 0.7 ± 1.2 1.8 ± 1.8a 22.6 ± 14.8ab

RERAs (events/h) 5.4 ± 2.7 10.1 ± 4.0a 32.9 ± 13.4ab

Desaturation duration (min) 17.7 ± 8.5 43.8 ± 18.5a 166.3 ± 66.7ab

Event length (min) 21.5 ± 7.9 55.0 ± 22.7a 174.1 ± 65.5ab

Awake LF/HF ratio (%) 1.9 ± 0.6 2.2 ± 1.1 2.4 ± 0.8a

Sleep LF/HF ratio (%) 1.6 ± 0.6 1.7 ± 0.7 2.6 ± 1.0ab

SBP index (events/h) 3.4 ± 2.1 7.1 ± 4.4a 33.7 ± 14.7ab

△SBP (mmHg) 8.3 ± 1.6 9.5 ± 2.6a 12.9 ± 2.3ab

TST, total sleep time; AHI, apnea-hypopnea index; ODI, oxygen desaturation index; meanSpO2, mean pulse
oxygen saturation; minSpO2, minimum oxygen saturation; TST90, percentage of sleep time with oxygen satura-
tion < 90%; RERAs, respiratory event-related arousals; desaturation duration, total oxygen desaturation time;
event length, the duration of respiratory disturbance; LF, low frequency; HF, high frequency; awake LF/HF, LF/
HF ratio in a 10-min quiet wakefulness period before sleep onset; sleep LF/HF, LF/HF ratio during sleep; Mean
△SBP event-related systolic blood pressure elevation; SBP index, number of △SBP > 10 mmHg/h of sleep time;
a p < 0.05 vs. mild OSAS; b p < 0.05 vs. moderate OSAS
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± 2.2 mmHg) and oxygen desaturation (9.3 ± 2.6 mmHg)
were not significantly different in moderate OSAS (p =
0.54). In severe OSAS, △SBP in type 1 (12.7 ± 2.6 mmHg)
was significantly larger than that in type 2 (10.6 ± 2.4 mmHg,
p < 0.01). In all three groups, △SBP was significantly larger
following both oxygen desaturation and arousal (type 3)
events than following either type 1 or type 2 events alone.

Correlation and multiple linear regression analysis
of variables associated with SBP fluctuation

Correlation (r) and multiple linear regression (r2) results are
shown in Table 3. The SBP index was the dependent variable.
In mild OSAS, RERAs, oxygen desaturation duration, and
minimum SpO2 were all correlated with the SBP index.
Following multiple linear regression, only RERAs remained
significantly correlated with the SBP index (r2 = 0.614, p <
0.001). In moderate OSAS, the SBP index was correlated with
the ODI, AHI, sleeping LF/HF, and desaturation duration.
Regression analysis found that only ODI was correlated with
the SBP index (r2 = 0.480, p < 0.001). In severe OSAS, AHI,
RERAs, ODI, LF/HF, meanSpO2, TST90, event length, and
desaturation duration were all correlated with BP fluctuation.
After multiple regression analysis, only AHI (r2 = 0.593, p <
0.001) and LF/HF (r2 = 0.034, p < 0.001) were independently
associated with the SBP index.

Discussion

We believe this to be the first study to evaluate the effects of
hypoxia and arousal on the amplitude and frequency of beat-
to-beat BP fluctuation in patients with OSAS of differing se-
verity. The study population included patients with mild-to-
severe OSAS, who were free of antihypertensive medications;

this avoided the influence of medications of BP variability.
Ambulatory BP monitor (ABPM), which is used to monitor
nocturnal BP during sleep in previous studies, measures BP at
fixed intervals without synchronization with sleep apnea epi-
sodes [20, 21]. Consequently, it often fails to detect apnea-
induced BP surges. In addition, cuff inflation and noise caused
by cuff inflation may induce an arousal; however, arousal
itself could induce a BP elevation. In present study, beat-to-
beat recording of BP synchronized with polysomnography
using the PTT method, which is a noninvasive technique that
has been shown accurately monitoring acute BP changes with
only minimal sleep disturbance. Therefore, PTT may better
reflect dynamic BP changes and the study design may allow
more objective and accurate evaluation of the effects of OSAS
on BP fluctuation than previous reports.

We found that patients with a high AHI had significantly
increased mean BPs and LF/HF ratios, which confirmed and
extended the results of previous findings that OSAS increased
the risk of hypertension [22, 23].

Both SBP and DBP were higher in severe OSAS than in
mild and moderate OSAS. Enhanced sympathetic nerve activ-
ity can induce hypertension in OSAS patients not only during
sleep but also during periods of wakefulness [24, 25].
Sympathovagal balance was assessed by the LF/HF ratio.
Compared with mild and moderate OSAS, patients with se-
vere OSAS had higher LF/HF ratios both while sleeping and
while awake, suggesting increased sympathetic activity. The
LF/HF ratio was higher during sleep than when awake, but
that was not observed in either mild or moderate group. This
suggests that in these OSAS patients, sympathetic activity
during sleep depended more on the severity of apnea rather
than the stage of sleep. Frequent respiratory events while sleep
could result in increased chemoreceptor reflex and sympathet-
ic nerve activity compared with that while awake. This partly
accounts for the Bnondipping^ of BP at night in many OSAS
patients. Moreover, when breathing resumes, venous return,
and cardiac output increase. The increased cardiac output
passes through a highly constricted peripheral vasculature,
exacerbating the acute BP fluctuation that manifested as the
increased SBP index and larger △SBP seen in this study.

△SBP and the SBP index tended to be higher in severe than
that in mild and moderate OSAS. The mean post-apneic BP
elevation was 10.2 mmHg; however, Plane’s et al. have moni-
tored beat-by-beat photoplethysmographic BP continuously
with Finapres method, with the exception of 10-min periods
every 2 h where the system was turned off for patient comfort.
They have reported the average value of apnea-related SBP
elevations as large as 30.7 ± 2.1 mmHg in normotensive pa-
tients and 44.7 ± 4.1 mmHg in hypertensive patients [9]. In
another study, arterial BP was measured continuously by using
a same BP monitor (Finapres) and mean BP following an ob-
structive apneic event can increase by as much as 32 mmHg
during NREM and 42mmHg during REM sleep [26]. Increases

Type1

Type2 

*

*

Mild group Moderate group Severe groupE
ve

nt
-r

el
at

ed
 S

B
P 

el
ev

at
io

n 
(m

m
 H

g)

Fig. 2 Mean values of overnight apnea-related SBP elevation caused by
hypoxia, arousal, and both factors in mild, moderate, and severe OSA.
Type 1, apnea or hypopnea events ended with oxygen desaturation only;
type 2, arousal followed apnea or hypopnea; and type3, apnea or
hypopnea events ended with hypoxia and arousal; *p < 0.05
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of that size were not observed in our patients, even in those with
severe OSAS. The inconsistency could be associated with eth-
nic differences. In addition, previous studies selected only 20–
30 events during sleep or in the first period of stage 2 NREM
sleep for data analysis. A small sample of apnea events might
not fully represent the extent of all the post-apneic BP eleva-
tions that occurred. Overnight apnea events were included in
this study, but excluded evaluation of the effects of changes of
body position and leg movements. In this study, large
desaturations (SpO2 < 75%) had the strongest influence on
apnea-related BP elevation (△SBP > 70 mmHg), which sug-
gests that significant BP fluctuation could be induced by severe
hypoxia. However, since not all apnea events included severe
desaturation, short apnea or hypopnea events with mild
desaturation might have had less effect on BP fluctuation, or
may not have influenced post-apneic BP elevation; there are
thus a number of reasons why the △SBP reported in our study
was smaller than previously reported.

Oxygen desaturation, change in intrathoracic pressure, hyper-
capnia, and arousal have all been reported to cause post-apneic
BP elevation [27]. Of these, hypoxia has been considered as the
major influence [28, 29]. However, Ringler et al. failed to dem-
onstrate an attenuated pressor response to apnea with adminis-
tration of supplemental oxygen. The pressor responses to
auditory-induced arousals and arousals terminating obstructive
apneas were of similar magnitude [6]. Davies et al. reported that
auditory stimulation to induce arousal in normal subjects evoked
a rise in BP sufficiently large to explain most of the post-apneic
BP increase seen in OSA [30], and Yoon et al. reported arousal
had the strongest correlation with BP reactivity during sleep in
OSAS patients [31]. Those studies demonstrate that arousal
plays a major role in the amplitude of BP fluctuation induced

by respiratory events. The reasons for these contradictory results
are not clear. Okabe et al. reported that BP during apneic epi-
sodes was correlated with △SpO2 [26], and Planès et al. found
that patients with the most severe desaturation (minimum SpO2
< 75%) also had the greatest apnea-related BP increases [9].
Both results indicate that the extent of oxygen desaturation
was associated with post-apneic BP elevation and that signifi-
cant BP fluctuation was induced by severe hypoxia. In patients
who experience severe, intermittent nocturnal oxygen
desaturation, hypoxia may be a stronger influence on BP fluc-
tuation than arousal. If respiratory events ending with mild
desaturation have a smaller effect on BP fluctuation, then arous-
al would play amore important role. The study results to support
the viewpoint that in mild OSAS, arousal was the most relevant
variable to △SBP and SBP index. In moderate OSAS, ODI
completely displaced arousal as the chief determinant of the
SBP index. In severe OSAS, AHI was the variable most closely
correlated with the SBP index, and the effect of hypoxia on BP
fluctuation was greater than that of arousal. The results of this
study might explain the inconstancies of previous reports
concerning the influence of hypoxia or arousal on post-apneic
BP fluctuation in patients with OSAS of differing severity. It
also demonstrated that the amplitude of BP fluctuation was in-
creased when accompanied by both oxygen desaturation and
arousal than by arousal or hypoxia alone. This suggested
superimposed effects of both oxygen desaturation and arousal
on BP fluctuation.

Limitation

Respiratory pattern also can significantly influence HF power.
OSAS was characterized by dramatic respiratory fluctuation,

Table 3 Correlation and multiple linear regression analysis of dependent variable and SBP index

Mild group Moderate group Severe group

r p r2 p r p r2 p r p r2 p

RERAs (events/h) 0.791 < 0.001 0.614 < 0.001 0.037 0.833 – NS 0.537 < 0.001 – NS

ODI (events/h) 0.047 0.795 – NS 0.704 < 0.001 0.480 < 0.001 0.712 < 0.001 – NS

AHI (events/h) 0.196 0.274 – NS 0.388 0.023 – NS 0.777 < 0.001 0.593 < 0.001

Sleep LF/HF (%) − 0.038 0.836 – NS 0.458 0.006 – NS 0.648 < 0.001 0.034 0.048

Age (years) 0.089 0.624 – NS − 0.121 0.495 – NS − 0.087 0.607 – NS

BMI (kg/m2) 0.088 0.626 – NS 0.243 0.165 – NS 0.114 0.5 – NS

MeanSpO2 (%) 0.282 0.112 – NS 0.079 0.659 – NS − 0.365 0.026 – NS

MinSpO2 (%) − 0.355 0.043 – NS − 0.239 0.174 – NS − 0.241 0.151 – NS

TST90 (%) 0.283 0.11 – NS 0.229 0.92 – NS 0.469 0.003 – NS

Event length (min) 0.283 0.111 – NS 0.249 0.156 – NS 0.446 0.006 – NS

Desaturation duration (min) 0.433 0.012 – NS 0.418 0.014 – NS 0.5 0.002 – NS

RERAs, respiratory event-related arousal; ODI, oxygen desaturation index; AHI, apnea-hypopnea index; LF, low frequency; HF, high frequency; sleep
LF/HF, LF/HF ratio during sleep; BMI, body mass index; meanSpO2, mean pulse oxygen saturation; MinSpO2, minimal oxygen saturation; TST90,
percentage of sleep time with oxygen saturation < 90%; event length, duration of respiratory disturbance; desaturation duration, total oxygen
desaturation time; NS, p>0.05
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which could affect HF power; thus, HRVassessed by spectral
analysis in OSAS patient could not avoid the effect of obvious
respiratory pattern fluctuation [32]. However, a number of
studies employing spectral analysis of HRV in OSAS patients
have generally reported some valuable results [33–36]. In ad-
dition, spectral analysis measurement is severely limited by
advanced heart failure or complicated myocardial infarction,
arrhythmia, diabetes, and autonomic nervous system disease,
although the diseases mentioned above were excluded from
our study.

Conclusions

In OSAS patients, sympathovagal balance and BP fluctuations
were associated with OSAS severity. The variables that in-
duced BP fluctuation differed with OSAS severity. In mild
OSAS, arousal played a major role. In moderate OSAS, no
difference was observed in post-apneic BP elevation evoked
by arousal or hypoxia. ODI was the chief determinant of the
frequency of BP fluctuation. In severe OSAS, hypoxia played
a dominant role in post-apneic BP elevation. The variable
most closely correlated with the frequency of BP fluctuation
was the AHI. Hypoxia and arousal following apnea events had
additive effects on the amplitude of BP fluctuation.
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Comment

In the present study, authors attempted to describe several factors (stimuli
associated with repetitive obstructive apneas) which best determine car-
diovascular response to apneas measured as HRVor BP-surrogate (pulse
transit time) fluctuations. In this observational study, authors concluded
that the severity of OSA denoted by standard AHI cutoff levels may have
an impact on the findings which, as the authors state, may partially ex-
plain previous discrepancies reported in this regard. This is a novel find-
ing which is worth further discussion.

Jacek Wolf
Gdansk, Poland
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