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Abstract: �Ambulatory blood pressure monitoring and parallel polysomnographic study were performed in 116 adult males divided into 6 groups. 
Thirty blood-pressure (BP) and polysomnographic variables were measured to test their usefulness for screening for both arterial 
hypertension and sleep apnea–hypopnea syndrome (SAHS). The development of severe breathing disorders and hypoxemia during 
sleep was attributed to SAHS, when compared with measurements in healthy controls and in patients with arterial hypertension. 
Such disorders manifested as an increased apnea–hypopnea index, apnea index, duration of arterial oxygen saturation of less than 
85%, and decrease of average arterial oxygen saturation that correlated with nocturnal average diastolic BP (p=0.0049, p=0.0027, 
p=0.049 and p=0.0457, respectively). These respiratory disorders resulted in various nocturnal, rather than diurnal, and diastolic and 
systolic BP variables. The acute antihypertensive effect of continuous positive airway pressure therapy for SAHS significantly reduced 
the episodes of apnea and hypopnea and the secondary component of hypertension caused by excessive sympathetic stimulation. 
For the SAHS-induced, dose-dependent component of hypertension that responded to continuous positive airway pressure, the fol-
lowing variables, in decreasing significance, were useful:  nocturnal average systolic and diastolic BP and 24-hour average systolic 
and diastolic BP, as well as percent time elevation and mean blood pressure load. The monitoring of these variables could contribute 
to early diagnostic and prognostic stratification of complications and adequate therapy of the secondary component of hypertension 
caused by SAHS.

	        © Versita Warsaw and Springer-Verlag Berlin Heidelberg.
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1. Introduction
Sleep-disordered breathing and its clinically very 
important and treatable component, the sleep apnea–
hypopnea syndrome (SAHS), is characterized by more 
than 5 apnea– hypopnea episodes per 1 hour of sleep, 
as defined by the apnea–hypopnea index (AHI). Sleep-
disordered breathing has been found to occur in 24% of 
men and 9% of women in the general population [1,2]. 
Frequent apnea–hypopnea episodes in patients with 
SAHS trigger various hemodynamic effects that are in 

direct contrast to the relaxation effects of physiological 
sleep; these include arterial hypertension (AH) resulting 
from hypoxia, hypercapnia, arousal, and sympathetic 
stimulation [3-7]. Several studies have established 
that patients with SAHS have a higher prevalence of 
AH than the general population, even after adjusting 
for such confounding variables as body mass index, 
age, and sex [5,8-12]. Previously unrecognized AH has 
also been found by clinical BP measurement in 39% of 
patients with newly diagnosed SAHS and by ambulatory 
blood pressure monitoring (ABPM) in as many as 62% 
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[13,14]. SAHS is also an independent risk factor for AH 
and various cardiovascular diseases, such as coronary 
artery disease, myocardial infarction, stroke, and 
atherosclerosis [2,4,10,15-21].

In AH, different pathogenetic mechanisms determine 
variable symptomatology, therapy, and prevention. 
In addition to the most prevalent form, essential 
hypertension, characterized by chronic sympatho-
adrenal activation, about 15% of hypertensive 
patients older than 60 years have an isolated systolic 
hypertension due to lower sympathetic reactivity [12,16]. 
Several studies have shown that, without consideration 
of other secondary presentations of AH, more than 
10% of established hypertensive patients are refractory 
to treatment by three or more drugs, despite good 
compliance [5,18,22-24].	

Noninvasive 24-hour ABPM could be useful for 
screening for both unrecognized AH and SAHS, for 
detection of the hypertensive effect of SAHS, and for 
assessing the treatment of SAHS with continuous 
positive airway pressure (CPAP) therapy [10,21-23]. 
Previous studies have used other methods to 
assess ABPM [25,26]. Several recent studies have 
demonstrated primary increases in nocturnal and 
diastolic BP in patients with SAHS [12,14,27]. However, 
only a tendency for a parallel increase in diastolic 
pressure and in nocturnal and diurnal systolic BP has 
been observed in a few studies [18,24,28]; this finding 
could be due to either a low number of patients or an 
inability to correlate BP changes with ventilatory and 
respiratory variables determined mostly on non-parallel 
ABPM and polysomnographic (PSG) examination 
[17,21,28], especially when the measurements were 
unattended [24]. 

The current study compared the circadian variation 
of BP as detected by continuous 24-hour noninvasive 
ABPM with variables reflecting the severity of SAHS 
as assessed by parallel whole-night PSG examination. 
We sought to determine which of the 30 BP and PSG 
parameters and indices could be useful for screening 
for both AH and SAHS for possible use in the diagnosis, 
prognostic stratification of complications, and adequate 
therapy of these two disorders. In particular, we focused 
on both the secondary hypertensive effect of SAHS and 
the acute antihypertensive efficacy of CPAP therapy, 
which has been examined in only a few studies with 
only a limited number of BP variables or with a primary 
interest in the long-term effects of CPAP in refractory 
hypertension [5,18,27,28]. 

2. Material and Methods

2.1. Subjects and protocol
The study included 116 adult males selected from more 
than 600 subjects examined between 2004 and 2007 
in our sleep laboratory because of symptoms of sleep-
disordered breathing.   General and anthropometric data 
were collected for all subjects to determine fulfillment of 
inclusion and exclusion criteria, which were analyzed 
in more detail in our previous study [20]. These data 
included medical history, especially concerning 
symptoms of suspected SAHS and AH (e.g., habitual 
snoring, witnessed apneas, other disorders during 
sleep, and frequent interruption of sleep with subsequent 
daytime sleepiness as quantified by the Epworth 
Sleepiness Scale), as well as cardiorespiratory disorders 
(e.g., cardiac arrhythmias, older myocardial infarction, 
stroke or hypertension, and use of antihypertensive 
medication or any other drugs capable of interfering with 
BP values). Antihypertensive or other therapy was not 
modified during the ABPM (Table 1) for ethical reasons. 
The definition for AH was occasional BP greater than or 
equal to 140/90 mm Hg according to the World Health 
Organization (WHO) guidelines [29]. 

Patients with failure of vital organs were excluded 
from the trial on the basis of an appropriate clinical 
examination, including an electrocardiogram, 
echocardiogram with ejection fraction less than 50%, 
biochemical examination of blood, and acid-base 
balance focused mainly on evaluation of various risk 
factors. Additional exclusion criteria were heart failure; 
asthma, or other severe pulmonary disease; hepatic 
insufficiency; chronic renal failure, as indicated by 
more than 200 µmol/l serum creatinine; complicated 
atherosclerosis of the brain, cardiac, or renal or limb 
arteries; malignant diseases; and diabetes mellitus with 
chronic complications or insulin therapy. 

Six groups of subjects were examined in the study: 
(1) healthy controls, (2) patients with AH alone, (3, 4, 
5) those with mild, moderate and severe SAHS, and 
(6) those with SAHS treated by CPAP. The study was 
designed to determine the secondary hypertensive effect 
of SAHS and the BP-lowering effect of CPAP therapy 
by comparisons of approximately 30 variables obtained 
during parallel ABPM and whole-night polysomnography, 
with the informed consent of all subjects. The study 
was approved by the Ethics Committee of the Medical 
Faculty, P. J. Safarik University, Kosice, Slovakia.
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2.2. Sleep study
An overnight recording of more than 20 electrophysiological 
and cardiorespiratory variables was performed with a 
polysomnograph (ALICE 3, Respironics), which provided  
automatic evaluation of the results indicated in Table 2. 
Occurrence of more than 5 apnea–hypopnea events 
during 1 hour of sleep served as the main diagnostic 
criterion for SAHS. The apnea–hypopnea index (AHI), 
apnea index (AI) and hypopnea index (HI), indicating 
the number of pertinent events per hour of sleep, were 
used for assessment of SAHS severity and subdivided 
into three degrees. Four electroencephalographic leads, 
2 electrooculograms, and 2 electromyograms indicating 
activation of the nervous system were used mainly to 
determine sleep stages and various degrees of arousal 
reaction. Continuous pulse oxymetric recording of 
oxygen saturation on a finger of the right hand allowed 
detection of average value (AvgSatO2), and duration 
of both oxygen saturations less than 85% and less 
than 90% (SatO2 <85% and SatO2 <90%) in minutes, 
reflecting both the intensity and duration of hypoxemia. 
These values were calculated automatically by the 
polysomnograph and validated manually, according 
to standard criteria indicated in a previous publication 
[20].

2.3. The 24-hour ABPM
ABPM and continuous recording of the electrocardiogram 
from a precordial lead were performed with a portable 
device (Cardiotens, Meditech, Budapest) with an 

appropriately sized cuff fixed on the left arm [17]. BP 
was measured automatically at 15-minute intervals 
during the day and at 30-minute intervals at night, or 
following an occasional cardiac arrhythmia. Eighteen BP 
variables, including the maximum and minimum values 
of the systolic, diastolic, and mean BPs, were measured 
as an average for the nocturnal, diurnal, and 24-hour 
periods. Some additional indices, such as percent time 
elevation of BP (PTE %), mean pressure load (mm Hg), 
heart rate, and other selected values, were calculated 
as in our previous study [17]. After complex analysis, 
the mean values plus or minus the standard deviation 
(SD) of selected BP and PSG variables were compared 
among the 6 groups of subjects as indicated in Table 2.

2.4. Patient groups and statistical analysis
 Complex clinical and laboratory examinations, including 
repeated occasional BP measurements with limits for 
AH (140/90 mm Hg and higher) [29], were performed in 
all 116 adult male subjects. According to the presence 
or absence of AH and SAHS with three different degrees 
of severity as reflected by AHI and CPAP, the subjects 
were divided into six groups. Statistical evaluation of 
results was performed with Tukey-Kramer multiple 
comparisons of the six groups. The p value <0.05 was 
considered statistically significant. In addition, BP values 
were correlated with polysomnographic parameters by 
correlation and linear regression analysis. 

                      Group

Variable

Healthy 
control 

AH
mild SAHS  

(5<AHI≤20/h)
moderate SAHS   
(20<AHI ≤40/h)

severe SAHS  
(AHI>40/h)

SAHS with 
CPAP

n-number of subjects 15 16 25 23 26 11

Age (years) 48.1±18.3 56.2±13.3 53.3±10.6 52.5±10.7 50.5±9.6 47.1±4.8

. .. ... ... + ..+ 

BMI 26.5±3.2 30.0±5.3 29.9±3.8 33.3±6.9 35.2±6.4 36.2±7.7

Without antihypertensive therapy (%) 100 25 44 43.5 50 27.3

Without declared number of drugs (%) 0 18.75 20 8.7 23.2 45.4

ACE inhibitors (%) 0 6.25 0 0 7.7 0

ACE inhibitors+ Diuretics (%) 0 0 8 0 0 0

β blockers (%) 0 6.25 12 4.35 3.8 0

β blockers +Diuretics (%) 0 0 4 0 3.8 0

K- antagonists (%) 0 0 8 4.35 0 0

Combination of two antihypertensives (%) 0 31.25 4 17.4 7.7 27.3

Combination of three antihypertensives (%) 0 12.5 0 21.7 3.8 0

Table 1. Distribution of 116 subjects into 6 groups with basic anthropometric data and presence or absence of antihypertensive medication. 

Means ± SD of measured parameters: Age (years), BMI – Body Mass Index (BMI=(weight-kg) / (height-cm)2). The results indicate also the 
significant differences of each selected group compared to other 5 groups by various symbols: • - vs. healthy control, + - vs. AH,  x- vs. mild 
SAHS, ∆ - vs. moderate SAHS, and # - vs. severe SAHS. The level of significance is indicated by a number of the pertinent symbols (1: p<0.05, 
2: p<0.01, 3: p<0.001).
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3. Results
Table 1 shows the distribution of the subjects in 
six groups with basic anthropometric data and the 
patients’ use of antihypertensive medication. The data 
were calculated according to the answers provided by 
the subjects on a written questionnaire and during a 
subsequent clinical interview with applicants for PSG 

examination, focusing on inclusion and exclusion criteria 
indicated in the section on Materials and Methods. Only 
adult males were included in the present study, and their 
age was comparable among the separate groups. The 
body mass index in patients with SAHS, compared with 
healthy controls and patients with AH alone, gradually 
increased with the severity of the disease. The levels 
of significant differences are indicated by symbols in 
Table 1. The use of antihypertensive medication was 
very similar in five groups of patients, contrary to that 

                     Group 
  Variable

Healthy control AH
mild SAHS  

(5<AHI≤20/h)
moderate SAHS   
(20<AHI ≤40/h)

severe SAHS  
(AHI>40/h)

SAHS with CPAP
(AHI=41.2±16.4)

n-number of subjects 15 16 25 23 26 11

... ... ... ... xx ...

 nocturnal AvgSBP 110.1±7.9 134±10.7 127.7±12 135.2±17.4 140.9±13.9 133.5±10.5

. .. ... + x ..

 nocturnal AvgDBP 66.5±8.9 74.2±7.5 75.8±9.3 77.6±9.6 84.2±10.8 79.8±4.5

... .. .. ... ..

 diurnal AvgSBP 122.2±10.1 145.8±20.2 137.6±10.4 138.4±8.3 145.3±12.9 139.8±9.3

. ...

 diurnal AvgDBP 76.5±10 85±12 85.7±7.6 84.9±5.9 89.7±9.8 83.2±4.0

... ... ... ... x ...

24-h AvgSBP 118.1±8.6 140±13.7 133.8±10 137.1±10 143.2±12 136±7.8

.. .. ...

24-h AvgDBP 73.2±9.1 80.9±7.8 81.9±7.2 82.2±6.4 87.4±8.9 81±4.1

. .. .. x .. x

 PTE (%) 17.5±24.1 49.3±23.5 29.3±16.6 52.8±27.3 62.3±22.5 59.4±25.8

x x

MPL (mmHg/h) 35.6±66 201.2±157.8 84.1±55.3 198.9±212.8 247±221.7 171.7±104.1

.

 morning 2-h SBP 117.1±14.6 148.6±28.3 124±13.7 136.9±18.7 139.4±20.7 137.6±10.1

 morning 2-h DBP 68.9±15 80.9±9.7 73.4±11.1 82.8±13.6 81±12.1 83.3±5.0

 HR 69.0±9.4 70.5±10.4 71.8±8.6 74.4±12.5 76.6±9.9 74.4±16.1

... +++ xxx ... +++ xxx ∆∆∆ .. ++ ∆∆∆ # # #

AHI (/h) 2.3±1.8 2.6±1.5 9.5±3.1 29.8±5.3 60.2±16.1 16.1±14.1

... +++ xxx ∆∆∆ # # #

AI (/h) 3.6±4.8 3.2±2.9 14.3±11.5 49.7±53.3 228±184.5 42.9±59.3

... +++ xxx ∆ # # #

HI (/h) 6.0±6.1 7.6±6.6 31.5±21.4 59.1±49.5 148±144.2 33.2±38.2

.

AvgSatO2 (%) 93.2±2.9 91.3±5.0 91.5±4.7 89.2±6.8 86.4±6.4 88.5±7.0

.. ++ x #

SatO2 <90% (min) 19.3±54.5 17.6±27.0 36.4±55.5 72.1±108.1 132.5±129.8 38.4±50.1

. ++ xx # #

SatO2 <85% (min) 3.6±12.9 0.6±1.5 5.9±11.9 36.4±89.7 88.2±108.1 5.5±14

Table 2. Selected blood pressure and polysomnographic variables and indices in 6 groups of  116 subjects.

Means ± SD of measured parameters: BP in mmHg, PTE - Percent Time Elevation in %, MPL - Mean Pressure Load in mmHg/h, average SatO2 
in %, duration of SatO2<90% and SatO2<85% in minutes. The results indicate also the significant differences of each selected group compared 
to other 5 groups by various symbols: • - vs. healthy control, + - vs. AH,  x- vs. mild SAHS, ∆ - vs. moderate SAHS, and # - vs. severe SAHS. The 
level of significance is indicated by a number of the pertinent symbols (1: p<0.05, 2: p<0.01, 3: p<0.001).
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in controls, suggesting a relatively high prevalence of 
hypertension not only in patients with AH alone but also 
in the four groups of patients with SAHS (Table 1).

The results of in-laboratory PSG examination with 
a cutoff AHI of 5 after 1 hour of sleep differentiated the 
subjects without SAHS from those with SAHS. Together 
with the increased value of AHI and the presence of AH, 
the results allowed for the distribution of subjects into six 
groups as follows: 1) clinically healthy controls (without 
SAHS and AH) investigated in the sleep laboratory 
to exclude suspected SAHS; 2) patients with AH, but 
without SAHS; 3) those with mild SAHS (AHI<5≤20/h); 
4) those with moderate SAHS (AHI<20≤40/h); 5) those 
with severe SAHS (AHI>40/h); and 6) patients with SAHS 
treated overnight by CPAP with a titration pressure 7-14 
cm H2O, as needed for elimination of apnea episodes 
during at least 80 % of whole-night PSG examination. 
Mean values ± SD of selected BP and PSG parameters 
and indices are listed in Table 2, with the indication of 
significant differences among the separate groups. 
The results of complex evaluation and comparison of 
data from 116 subjects divided into 6 groups allowed 
analysis of the following three main features: 1) changes 
in BP parameters and indices caused or supported by 
the presence of SAHS, 2) dependence of BP parameters 
on changes of PSG indices and their correlation, and 3) 
acute BP-lowering effect of CPAP therapy in patients 
with SAHS. 

3.1. Changes in BP parameters and indices 
caused or supported by the presence of 
SAHS

Compared with healthy subjects, the nocturnal average 
systolic and diastolic blood pressure (AvgSBP and 
AvgDBP) increased gradually in patients with SAHS 
in accordance with the severity of their disease: mild 
SAHS (p=0.0009, p=0.0273, respectively), moderate 
(p< 0.0001, p= 0.0057), and severe (both p<0.0001). 
Also, the diurnal AvgSBP and the diurnal AvgDBP were 
increased in patients who had any of the three degrees 
of SAHS: mild (p=0.0039, p=0.0221, respectively), 
moderate (p=0.0026, p=0.0515), or severe (p<0.0001, 
p=0.0002). The 24-hour AvgSBP and the 24-hour 
AvgDBP were increased in patients with SAHS with 
increasing severity of the disease: mild (p=0.0003, 
p=0.009, respectively), moderate (p<0.0001, p=0.0065) 
and severe (both p<0.0001). 

The percent time elevation of blood pressure was 
increased not only in patients with AH alone (p=0.0374), 
but even more in patients with moderate SAHS 
(p=0.0072) and in those with severe SAHS (p=0.0014). 
Severe SAHS resulted in a stronger increase in PTE 

than mild SAHS (p=0.0152). The nocturnal AvgSBP 
and the nocturnal AvgDBP were significantly higher in 
patients with severe SAHS than in those with mild SAHS 
(p=0.0062, p=0.0178, respectively), and the nocturnal 
AvgDBP was even higher than it was in the group who 
had AH alone (p=0.0108), indicating a marked additional 
hypertensive effect of severe SAHS. Severe SAHS 
also resulted in a stronger additive hypertensive effect 
on 24-hour AvgSBP than did mild disease (p=0.0299). 
Mean pressure load in mmHg was higher in patients 
with severe SAHS than in healthy controls (p=0.0417).

Compared with healthy controls, the presence of AH 
alone in patients manifested with an increase in both 
the 24-hour and the diurnal AvgSBP (both p<0.0001). 
The 2-hour early morning and maximum SBP were 
increased in patients with AH alone (p=0.0212, 
p=0.0042, respectively), suggesting strong sympatho-
adrenal stimulation in essential hypertension, but not in 
those with SAHS, which contributes to the development 
of secondary hypertension.

Table 2 summarizes the values of main BP and PSG 
parameters and indices from all 116 subjects in the 6 
groups. The results clearly demonstrate that severe 
and even moderate SAHS causes marked ventilatory 
disorder and hypoxemia, reflected by significant 
increases in AHI, AI, HI, a duration of SatO2 less than 
85% in minutes, and a decrease in AvgSatO2. In addition 
to the SAHS-induced, dose-dependent hypertensive 
effect mediated by ventilatory disorder and subsequent 
hypoxemia, the acute antihypertensive effects of CPAP 
mediated by substantial reduction of apnea–hypopnea 
episodes are clearly demonstrated in Table 2, where  
the significant differences are indicated by symbols.

3.2. Dependence of BP parameters on changes 
of PSG indices and their correlation 

Both the AHI and AI were much higher in patients with 
severe SAHS than in healthy subjects and patients 
with either AH alone or mild SAHS (all p<0.0001). The 
duration of the resulting hypoxemia reflected by SatO2 
less than 90% and less than 85% in minutes was higher 
in patients with severe SAHS than in control subjects 
(p=0.003, p=0.011, respectively), patients with AH 
alone (p=0.0061, p=0.005), or mild SAHS (p=0.0168, 
p=0.0041). The AvgSatO2 was lower in patients with 
severe SAHS than in control subjects (p=0.0322) 
(Table 2).

In 74 patients with SAHS of 3 different degrees 
of severity the nocturnal AvgDBP very significantly 
correlated both with the AHI (p=0.0049, Figure 1A) and 
AI (p=0.0027, Figure 1B); it correlated positively with 
the resulting hypoxemia represented by the duration of 
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Figure 1. Correlation of nocturnal average diastolic blood pressure (AvgDBP) with apnea–hypopnea index (AHI, A) and with the number of apnea 
episodes (AI, B) in 74 patients with SAHS.

Figure 2. Correlation of nocturnal average diastolic blood pressure (AvgDBP) with duration of oxygen saturation (SatO2) <85% in minutes (A) and 
with average SatO2% (B) in 74 patients with SAHS.

Figure 3. Correlation of 24-hour average diastolic blood pressure (AvgDBP) with duration of oxygen saturation (SatO2) <85% in minutes (A) and 
of the diurnal AvgDBP with the number of hypopnea episodes (HI, B) in 74 patients with SAHS.
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SatO2 less than 85% in minutes during sleep (p=0.049, 
Figure 2A) and negatively with AvgSatO2 (p=0.0457, 
Figure 2B). 

Also, the 24-hour AvgDBP correlated with hypoxemia 
represented by SatO2 less than 85% in minutes 
(p=0.0104, Figure  3A) and the diurnal AvgDBP with the 
number of episodes of hypopnea per 1 hour of sleep 
(p=0.0391, Figure 3B). These data clearly demonstrate 
that occurrence of frequent apnea–hypopnea episodes 
causing both intensification and prolongation of 
hypoxemia result primarily in nocturnal and diastolic 
hypertension (Figure 1, 2).

3.3. Acute BP-lowering effect of CPAP therapy 
in patients with SAHS

Overnight use of CPAP therapy in patients with moderate 
to severe SAHS decreased the initially high AHI from 
41.2±16.4 to 16.1±14.1 per 1 hour of sleep. This 61% 
decrease represents a significant reduction in severity of 
SAHS compared with untreated patients with both severe 
SAHS (p<0.0001) and moderate SAHS (p=0.0024) and 
with the level of patients with mild SAHS (p=0.3732). 
However, despite CPAP therapy, the AHI remained 
higher in patients with SAHS than in healthy controls 
(p=0.0041) and in patients with AH alone (p=0.0057), 
indicating that not all apnea–hypopnea episodes were 
eliminated because of insufficient intensity and time 
of CPAP application. Substantial reduction of apnea–
hypopnea episodes by overnight use of CPAP improved 
the AvgSatO2 to 88.5±7.0%, which was no different 
from values in healthy controls and in patients with AH 
alone. Also, the duration of SatO2 less than 90% and 
less than 85%, reflecting the severity of hypoxemia, was 
significantly lower than it was in patients with severe 
SAHS and did not differ from the values in healthy 
controls and in hypertensive patients without SAHS 
(Table 2). 

The improvement in ventilation and oxygen saturation 
induced by overnight use of CPAP resulted in a decrease 
of diurnal AvgDBP below the values in patients with 
severe SAHS and to a level not significantly different 
from the data for healthy controls and for hypertensive 
patients without SAHS (Table 2). Use of CPAP decreased 
the 24-hour AvgDBP to values not differing significantly 
from the data for healthy controls (p=0.1099), but the 
24-hour AvgSBP and the diurnal AvgSBP remained 
higher than were found in healthy controls (p=0.0008, 
p=0.0077, respectively) (Figure 3).

4. Discussion 
The main results of this study provide three new findings. 
First, SAHS itself has a separate secondary hypertensive 
effect resulting in blood-pressure increases in nocturnal, 
rather than diurnal, parameters and in diastolic as well 
as systolic parameters. A secondary hypertensive effect 
occurs because a physiologic nocturnal decrease of 
BP during sleep (“dipping”) is prevented (“nondipping”) 
in patients with SAHS. This effect has been analyzed 
in several papers [21,24,30] and has been shown to 
cause a significant increase primarily in nocturnal DBP 
[26], particularly in patients with severe SAHS, and a 
somewhat selective increase in, or at least a tendency to, 
“nondipping” of diastolic, rather than systolic, BP. On the 
contrary, in healthy controls, as well as in hypertensive 
patients without SAHS, there is mostly “dipping” of 
nocturnal BP values during sleep. According to the 
percentage of nocturnal BP reduction, four groups of 
patients can be differentiated: extreme dippers (>20%), 
dippers (10% - 20%), nondippers (0% - 10%), and risers 
(< 0%), indicating that the reductions of nocturnal BP 
decreased adequately to result in an increase in AHI. 
Groups of patients with SAHS with AHI greater than 15 
per 1 hour included significantly more nondippers than 
the groups of control subjects and patients with mild 
SAHS [21].

Second, the marked breathing disorders 
accompanied by hypoxemia, reflected by high values 
of PSG parameters (AHI, AI, HI, SatO2<85%), that 
gradually increased with the severity of SAHS evoke 
appropriate dose–dependent changes in various BP 
parameters and indices. They correlate mostly with 
the frequency of apnea–hypopnea episodes and the 
intensity and duration of the subsequent hypoxemia 
in minutes, indicated by SatO2 less than 85%. The 
degree of severity in SAHS at baseline examination 
was observed to predict the risk of hypertension 4 years 
later [2]. Similarly, the cardiovascular risk in essential 
hypertension could be stratified by ABPM during a mean 
period of 3.2 years [30]. Sleep-disordered breathing 
increased the mortality rates indirectly, probably because 
it is a risk factor for hypertension [15] and for stroke and 
death from any cause independent of other risk factors, 
including hypertension [19]. Nevertheless, its precise 
mechanism is still unclear.

 Third, CPAP treatment of SAHS has an acute BP-
lowering effect, resulting from a substantial reduction 
in the apnea–hypopnea episodes and hypoxemia, 
which are particularly prevalent in severe SAHS. 
Higher intensity and longer duration of hypoxemia with 
SatO2 less than 85% in minutes results primarily in a 

228



S. Grešová et al.

higher nocturnal DBP, which can be improved by CPAP 
therapy.

4.1. Pathogenetic mechanisms and 
manifestations of secondary 
hypertension in SAHS

Secondary hypertension caused by SAHS can be 
presumed in patients if they have symptoms of sleep-
disordered breathing (severe snoring, cephalea, 
sleep apnea, daytime sleepiness, tiredness, and/or 
central obesity) or various cardiovascular disorders 
(arrhythmias, cardiac failure, or pharmacoresistent 
hypertension), which have been analyzed in several 
studies [5,18,22-24,27]. Increased vasoconstrictor 
sensitivity [31,32] and nocturnal diastolic hypertension 
were observed in patients with SAHS [14,21,26], but 
these findings could not be proved in some studies due 
to the small number of patients, low degree of SAHS 
severity, or higher age of patients with decreased 
sympathetic-nerve activity [12,16]. Our results also 
indicate newly detected diastolic, in addition to systolic, 
hypertension caused by the more severe degrees 
of SAHS. Because of a very high prevalence of 
hypertension in patients with SAHS reported in this and 
other publications, ABPM is indicated in each patient 
with suspected sleep-disordered breathing to detect 
early signs of both disorders and their effects.

Sleep fragmentation was independently associated 
with significantly higher levels of SBP during 
wakefulness, which was not discernible in adults with 
an AHI less than 1 per l hour of sleep. Each apnea 
event per hour of sleep added about 1% to the risk of 
having hypertension [33]. Moreover, a dose-response 
association between SAHS at baseline and the 
presence of hypertension 4 years later was found to be 
an independent compounding factor [2], which indicates 
that ABPM has important prognostic potential. In our 
study PSG parameters correlated with nocturnal more 
than diurnal DBP. The AHI and AI linearly correlated with 
the nocturnal diastolic BP, indicating their acute, rather 
than long-term, effect. However, changes in diurnal and 
24-hour AvgBPs suggest that SAHS could contribute to 
the development of overt secondary hypertension after 
a period of several years. 

Our results confirm the marked BP elevation, 
particularly in patients with severe SAHS, and could 
contribute to a better understanding of the complex 
pathogenic mechanisms of hypertension. Hypoxemia 
and hypercapnia resulting mainly from apnea–
hypopnea episodes initiate progressive activation of 
the sympathetic nervous system, involving the carotid 
sinus and aortal baroreceptors [3,4,6,34,35]. Arousal 

reactions induced by repeated apnea episodes also 
provoke sympatho-adrenergic activation, despite 
interruption of hypoxic-hypercapnic stimuli, and they 
could lead to the elevation of heart rate and BP [3,4]. 
In addition, the upper-airway stimulation induced by 
pressure changes caused by snoring, or post-apnea 
sighs and gasps may evoke reflex tachycardia and 
vasoconstriction already present in the early stages of 
SAHS. Similar reflex hypertension is induced by a sniff- 
and gasp-like aspiration reflex provoked by stimulation of 
upper-airway rapidly adapting receptors in anesthetized 
cats [36]. Hypoxia, hypercapnia, re-oxygenation, and 
sympathetic nerve activation connected with repeated 
apnea episodes can also disrupt the electrical stability of 
the myocardium causing arrhythmias [37], and they may 
contribute to endothelial dysfunction [35]. Extension of 
intimal-medial thickness in patients with sleep apnea 
suggests that SAHS is also a potential risk factor for the 
development of atherosclerosis [20]. 

Our study has some limitations. The insufficient 
intensity and duration of CPAP application connected with 
pressure titration did not eliminate all apnea episodes 
and thus prevented a complete assessment of the 
antihypertensive efficacy of CPAP treatment for SAHS. 
Also, a small number of subjects in groups 1, 2 and 6 
(n=11-16) and the inclusion of 4 patients with moderate 
SAHS in the CPAP-treated group might cause only a 
border-line significant decrease in some BP parameters.  
Despite these limitations, our results indicate  the 
major importance of the complex evaluation of nearly 
20 ambulatory BP variables selected by comparison 
with cardiorespiratory indices obtained during parallel 
PSG examination. Recent results have indicated that 
an increased risk for SAHS is highly prevalent when 
assessed by a special Berlin questionnaire, and it is 
frequently associated with resistant hypertension [38]. 
ABPM should be evaluated in patients with hypertension 
to assess and prevent risk of morbidity and mortality 
[39]. In patients with sleep apnea. a decrease in mean 
BPs observed by ABPM, together with a reduction of 
urine normetanephrine secretion and improvement of 
baroreflex sensitivity after 4 weeks of CPAP therapy, 
may lower cardiovascular risk by reducing sympathetic-
nerve activity [40]. Nighttime BP proved to be a better 
predictor of death and recurrent cardiovascular events 
in hypertensive patients with a history of cardiovascular 
disease [41,42]. 
In conclusion, SAHS causing marked hypoxemia reflected 
by significant increases in AHI, AI, duration of SatO2 
less than 85% in minutes, and decreases in AvgSatO2, 
together with arousal-related reflex changes, frequently 
induces a dose-dependent secondary hypertension. 
The reflex changes manifest by an increase in nocturnal, 
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rather than diurnal, and diastolic and systolic BPs, which 
can be improved by CPAP therapy of SAHS. Therefore, 
monitoring of BP parameters selected by correlation 
with parallel recorded PSG indices could be useful for 
the early detection, complex evaluation of therapeutic 
success, and prognostic stratification of complications 
of important, but underestimated, disorders such as AH 
and SAHS. Nevertheless, further comparative studies 
are needed for better analysis of this complex and very 
vital topic.
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