Eur Respir J 2004; 23: 255-262
DOI: 10.1183/09031936.04.00015604
Printed in UK — all rights reserved

Copyright ©ERS Journals Ltd 2004
European Respiratory Journal
ISSN 0903-1936

Sympathetic activity is reduced by nCPAP in hypertensive obstructive

sleep apnoea patients
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ABSTRACT: There is increasing evidence that nasal continuous positive airway
pressure (nCPAP) lowers blood pressure in obstructive sleep apnoea (OSA) patients,
not only during sleep but also in the daytime. However, both the mechanisms of blood
pressure reduction and the considerable differences in the magnitude of the effect in the
studies presented to date are not fully understood.

Therefore, the authors prospectively studied the effect of nCPAP on noradrenaline
plasma levels (NApl), blood pressure and heart rate (HR) in 10 normotensive and eight
hypertensive OSA patients before and after 41.6+16.9 days of nCPAP therapy.
Polysomnography and invasive blood pressure were continuously monitored over 24 h in
the supine position before and with nCPAP. NApl were analysed every 15 min.

In hypertensives, nCPAP reduced NApl by 36+25%, lowered mean arterial blood
pressure substantially (night-time: -8.89+14.09 mmHg; daytime: -7.94+10.47 mmHg)
and decreased HR by 6.6+5.4 beats-min™!, whereas in normotensives there were only
minor changes.

The decrease in heart rate was associated with a decrease in mean arterial blood
pressure and noradrenaline plasma levels, suggesting a causal effect of nasal continuous
positive airway pressure therapy. This nasal continuous positive airway pressure effect
occurs mainly in hypertensive obstructive sleep apnoea patients, whereas the effect is
small in normotensives. This may explain, at least in part, some of the discrepant results
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in previous treatment studies.
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Obstructive sleep apnoea (OSA) is characterised by repeti-
tive reduction or cessation of airflow due to partial or
complete upper airway obstruction [1]. It results in repeated
night-time hypoxaemia, sleep fragmentation and excessive
daytime sleepiness. This disorder, which is prevalent in the
adult population [2], has been associated with an increased
incidence in cardiovascular morbidity, particularly in arterial
hypertension [3]. OSA is over-represented in the male
population [2]. Sleep fragmentation due to repeated arousal
[4] and apnoea-related episodic hypoxaemia [5] have been
suggested as possible mechanisms of the increased sympa-
thetic activity that is present in OSA. There is growing
evidence that this increased sympathetic activity may play a
major pathogenic role in the development of cardiovascular
complications [6-9]. In OSA, plasma levels of noradrenaline
(NApl), which correlate with sympathetic activity [10], have
been found to be elevated both during sleep and wakefulness
[11, 12].

Nasal continuous positive airway pressure (nCPAP), cur-
rently the treatment of choice in moderate-to-severe OSA [13],
prevents upper airway obstruction and restores daytime
symptoms [14, 15]. A reduction in sympathetic activity in
OSA patients on nCPAP has been shown in several studies
[16-18]. Data concerning the effect of nCPAP on blood
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pressure are conflicting. Recently published controlled studies
on the effects of nCPAP on arterial blood pressure demon-
strated a small reduction (-1.4 and -2.5 mmHg, respectively)
in blood pressure with nCPAP therapy [19, 20], whereas
others didn’t find a blood pressure drop with nCPAP [21] or
only during the night [22]. However, post-hoc analysis in one
study [19] revealed that the subgroups with severe hyper-
tension and severe OSA may have more profound reductions
in blood pressure. Conversely, a recently published controlled
study from the current authors’ group demonstrated
~10 mmHg decrease in both day- and night-time blood
pressure in patients with moderate-to-severe OSA treated
with nCPAP for 9 weeks on average [23]. Twenty-one of the
32 patients studied were hypertensive.

There are a number of methodological problems in
previous studies, which may explain the conflicting results
from these trials: 1) exclusively or mainly normotensive
patients were included in the studies that did not show an
effect of nCPAP on blood pressure; 2) discontinuous blood
pressure measurement may underestimate blood pressure
changes; and 3) activity levels were not controlled. Therefore,
the present authors conducted a study evaluating the effect of
nCPAP on arterial blood pressure, heart rate (HR) and
sympathetic activity. Normo- and hypertensive OSA patients
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were investigated using invasive continuous blood pressure
monitoring during a 24-h constant routine with defined
activity and resting levels.

Methods
Subjects

Consecutive patients were recruited from the out-patient
department of the Marburg Sleep Laboratory (Marburg,
Germany). The indication for cardiorespiratory polysomno-
graphy due to suspected sleep apnoea was based on clinical
symptoms, ambulatory nocturnal recording of HR, snoring,
oxygen saturation and body position using a vahdated four-
channel ambulatory device (MESAM IV®; Madaus Medi-
zintechnik, Munich, Germany). Blood pressure and HR
profiles were obtained over 24 h using the SpacelLabs
90207® (SpaceLabs Medical, Inc., Redmond, WA, USA),
which provides oscillometric blood pressure measurements.
Measurement intervals were 20 min during the day and
30 min during the night.

Inclusion criteria 1nc1uded age 20-65 yrs, apnoea-hypopnoea
index (AHI) >20-h™!. Exclusion criteria included: systolic
blood pressure >220 mmHg or diastolic blood pressure
>110 mmHg; myocardial infarction; stroke; heart failure;
neurological disease; or a history of alcohol or drug abuse.
Concomitant antihypertensive medication was discontinued
at least 3 weeks before the study began. A patient was
assigned to the hypertensive group when daytime average
blood pressure in the ambulatory blood pressure measure-
ment was > 135/85 mmHg [24].

Demographic characteristics, AHI (at baseline and with
nCPAP therapy), data of the ambulatory blood pressure
measurements, and the duration of nCPAP use as well as
nCPAP pressure of the normotensives and the hypertensives
are shown in table 1.

Study protocol

Patients eligible for the study were hospitalised for a period
of 5 days. Following baseline recordings (see below), all
patients were put on nCPAP treatment. The follow-up
measurements were carried out after a minimum of 4 weeks

Table 1.—Characteristics of the normotensive and hyper-
tensive obstructive sleep apnoea patients

Normotension Hypertension

Subjects n 8 10
Age yrs 52.63+10.14 47.90£10.57
Height cm 178.13£7.80 177.50£5.21
Weight kg 86.00+16.11 100.30£7.73*
BMI kg-m?

Baseline 27.00+3.44 31.841+2.16*

nCPAP 27.10%3.73 31.6012.24*
SBP mmHg 123.50£10.56 147.5+£9.81*
DBP mmHg 75.88+11.56 92.1£7.91*
AHI n-h™! Baseline 42.75%£19.95 70.25+28.94*
Mean Sa,0, 93.25+1.91 92.00+4.35
Mean use of nCPAP-day™ h 5.8410.75 5.6710.68
Mean duration of nCPAP 46.53£20.13 46.03£14.47

use days

Data are presented as mean+SD. BMI: body mass index; nCPAP: nasal
continuous positive airway pressure; AHI: apnoea/hypopnoea index;
SBP/DBP: systolic/diastolic blood pressure (mean of daytime values in
the ambulatory blood pressure monitoring). *: p<0.05 between the two
groups.

of home use of nCPAP therapy. To encourage the patients to
use the nCPAP therapy regularly and to increase compliance,
weekly telephone contacts and a follow-up in the out-patient
department after 2 weeks were performed. Compliance with
nCPAP treatment was measured with a run-time counter,
which ran when the machine was switched on. A minimum of
5 h-night! was set as the minimum threshold for compliance.

This study was approved by the Ethics Committee of
Marburg University. Patients gave written informed consent
before the start of the study.

Data collection

Subjects underwent baseline and treatment measurement
periods in the supine position for 26 h (08:00-22:00 h, meals
were taken in the sitting position), with continuous radial
arterial blood pressure monitoring and according to the
following standardised procedure: 12 h in advance of the 26-h
period, the cannulation of the radial artery was performed on
the nondominant arm. The night (with the complete measur-
ing equipment) prior to the 26-h period served for adaptation.
A venous line was inserted antecubital in the early morning
after the first night and catecholamine sampling started 2 h
after insertion, with 4 mL blood being collected every 15 min
(a total of 400 mL- -day™!, the dead space volume of the
catheter line was excluded from the analysis) through a long
tube from an adjacent room, in order not to disturb sleep. To
maintain blood ﬂow the venous line was rinsed with nger-
Heparin (500 E-L™', 20 mL-h™! resultlng in 480 mL-day™).
The blood samples were collected in prechilled ethylenedia-
mine tetraacetic acid-containing tubes and plasma was
separated immediately with cold centrifugation. The plasma
tubes were stored at -70°C and analysed after completing all
recordings. All patients had their meals (low protein diet) at
fixed times (08:00, 12:00 and 18:00 h). Liquid intake and urine
excretion (sampled with a urinal) were recorded. Patients were
allowed to read and listen to music during the study period.
Standard polysomnography was performed from 10:00-10:00 h.

Data analysis

Standard polysomnography was scored according to the
criteria of RECHTSCHAFFEN and KALEs [25]. Within the 24-h
period, sleep and wakefulness were differentiated. Phases of
wakefulness after sleep onset and sleep phases during the day
were excluded from analysis.

The AHI (events per hour) was calculated from abnormal
breathing events in relation to the total sleep time and
classified according to standardised criteria. Oronasal airflow
was recorded by the use of a thermistor and respiratory effort
by inductive plethysmography (Respitrace®); Studley Data
Systems, Oxford, UK). An apnoea was defined as the cessa-
tion of airflow for at least 10 s. Hypopnoea was defined as a
reduction of airflow by >50% lasting for > 10 s, accompanied
by a decrease in arterial oxygen saturation (Sa,0,) of at least
4% of the preceding stable Sa,0,.

Blood pressure and electrocardiogram (ECG) were digi-
tised at 100 Hz. HR was derived from the ECG signal using
an R-wave detection. Mean values of blood pressure and HR
were calculated for 15-min periods corresponding to the
blood sampling. Scoring of polysomnography, and analysis of
blood pressure and HR were done by a technician otherwise
not involved in the study.

Adrenaline plasma levels (Apl) and NApl were measured by
high-performance liquid chromatography with electrochemical
detection using the method application of Chromosystems
Instruments & Chemicals GmbH (Munich, Germany). The
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intra-assay coefficient of variation was 5.6 and 6.1% respec-
tively, the sensitivity was 54.7 and 59.1 pmoL-L™! respectively.

Statistical analysis

All values are given as meantsD unless otherwise stated.
The main end-point was mean arterial blood pressure (MAP),
defined as the arithmetic mean over the 24-h period at
baseline and with nCPAP treatment. Secondary end-points
were HR and the NApl as means over the 24-h period, as well
as MAP, HR and NApl during sleep and wakefulness.
Statistical analysis of the treatment effects was performed
using the Mann-Whitney U-test for nonparametric variables
(nonnormal distribution) and the paired t-test for parametric
variables (normal distribution). A p-value of <0.05 was
considered significant.

Hypothesis-generating post-hoc analysis was performed by
means of correlation analysis and partial correlation analysis.
Multiple testing was performed without adjustment for the
significance level. Multivariate regression analysis was used to
assess independent associations.

Missing data

A total of 26 patients were enrolled in the study. Fifteen
were hypertensive and 11 normotensive. Eight subjects did
not complete the study and were withdrawn from the analysis.
The data of 18 patients (10 hypertensives and eight normo-
tensives), in whom the analysis of both blood pressure and
catecholamines at baseline and with nCPAP treatment was
available over the entire 24-h period, are presented here.

Results
Blood pressure, heart rate and catecholamines

There was a substantial decrease in NApl in the hyperten-
sives (1,679£539 to 1,081+489 pmol-L™'; p=0.001) but not in
the normotensives (1, 4491447 to 1 385+524 pmol-L™"). No
s1gn1ﬁcant changes in Apl levels, elther in the normotensives
nor in the hypertensives, occurred (normotensives: 143.1t
28.9 to 126.7454.7 pmol-L™'; hypertensives: 137.4+36.8 to
137.8436.21 pmol-L™). MAP decreased significantly with
nCPAP in the hypertensive group from 103.2+13.7 to
95.0+12.3 mmHg (p=0.04), whereas in the normotensive
group there was only a minor decrease in MAP (89.0+15.3
to 87.3+12.6 mmHg; p=0.7). In the hypertensive group,
average HR decreased significantly from 76.3+5.16 to 69.8+
6.0 beats'min™ (p=0.004), while no such effect was observed
in the normotensive group (68. 146.1 to 67.41+4.8 beats-min™)
(fig. 1). The reduction in MAP and HR, as well as in NApl, in
the hypertensives was present both during sleep and wakeful-
ness (fig. 2). Individual means of MAP, HR and NApl at
baseline and with nCPAP treatment are presented in figure 3.
NApl, MAP and HR during wakefulness and sleep are shown
in table 2.

Effects of nasal continuous positive airway pressure on
sleep-disordered breathing and sleep

In all 18 patients, good compliance with nCPAP therapy
was achieved, the mean duration of nCPAP use being
5.7%0.68 h- nlght nCPAP compliance did not differ between
the groups. The data on AHI and the sleep stages before and
during treatment are shown in table 3. With nCPAP, an
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Fig. 1.-Twenty-four-hour mean arterial blood pressure (MAP), heart
rate (HR) and noradrenaline plasma levels (NApl) at baseline (Z) and
with nasal positive airway pressure treatment ((J) in the normotensive
and the hypertensive patients. Data are presented as mean+SD. NS:
nonsignificant; *: p<0.05; **: p<0.01.

almost complete removal of sleep-disordered breathing was
achieved in all patients. In both groups, sleep efficacy
increased with nCPAP. The percentage of slow-wave sleep
(SWS) at baseline was higher in the normotensive group,
while the increment of SWS under nCPAP was more marked
in the hypertensive group. Apart from these findings, there
were no other differences between the groups at baseline or
with nCPAP therapy.

Interaction of factors associated with the observed
change in 24-h blood pressure and heart rate

Whole group analysis (n=18). There was a highly significant
correlation of the individual baseline-therapy difference in
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Fig. 2.— Twenty-four-hour profiles of mean arterial blood pressure (MAP; circles), heart rate (HR; squares) and noradrenaline plasma levels
(NApl; triangles) in the normotensive (a) and the hypertensive (b) patients at baseline (filled symbols) and with nasal continuous airway pressure

treatment (open symbols). Data are presented as mean+SEM of all patients over a 15-min time period.

NApl with the changes in HR (r=0.611, p=0.007, fig. 4).
Furthermore, the change in HR was strongly associated with
the change in systolic, mean and diastolic blood pressure
(r=0.65, 0.64, 0.61, p<0.005, respectively). However, the
association between the change in catecholamines and other
haemodynamic parameters was less obvious and showed only a
statistical trend between the changes in NApl and systolic
blood pressure (r=0.40, p=0.10).

A multiple regression model was built taking baseline-
therapy differences of systolic blood pressure, diastolic blood
pressure, mean blood pressure, HR and NApl as dependent,
and age, body mass index (BMI) and respiratory disturbance
index (RDI) as independent variables. A statistical trend was
seen in the correlation between the RDI at baseline and the
decrease in NApl (r=-0.579), the significance of the coefficient
in the model was p=0.056. Patients with higher RDI showed a
greater decrease in 24-h NApl with nCPAP therapy.

Subgroup analysis (8 normotensives and 10 hypertensives). In
the hypertensive OSA patients, the association between the
24-h HR change and the corresponding change in systolic, mean
and diastolic blood pressure remained (1=0.62, 0.73 and 0.69,
p=0.06, 0.02 and 0.03, respectively, fig. 5). These correlation’s
changed only slightly when controlled for age and BMI in
partial correlation analysis. However, the previously reported
associations between the changes in HR and the changes in
catecholamines disappeared in the subgroups of normo- and

hypertensive patients. Multiple regression analysis was not
performed due to the small number of patients in each group.

Discussion

This study demonstrated that: 1) nCPAP significantly
reduced NApl, blood pressure and HR in hypertensive but
not in normotensive OSA patients; 2) the reduction in blood
pressure during daytime and during sleep was in a similar
range; and 3) the reduction of blood pressure was strongly
associated with the change in HR.

In the trial presented here there is a clear association
between blood pressure reduction and changes in sympathetic
activity. The reduction in NApl with nCPAP in the hyper-
tensive patients was observed during the night and also during
the day, suggesting that the elimination of OSA with nCPAP
has an impact on sympathetic activity beyond the hours of
sleep. This effect was not found in the normotensive subjects,
which confirms the data of MARRONE et al. [7]. HEDNER et al.
[18] also demonstrated a marked reduction of catecholamine
excretion in OSA patients with nCPAP both during wakeful-
ness and sleep.

For the first time, this study strongly suggests that the
reduction of HR and cardiac output may be an important
mechanism for the blood pressure-reducing effect of nCPAP
therapy. This is suggested by the strong correlation between
the change in HR and the change in blood pressure in the
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Fig. 3.—Individual 24-h means of mean arterial blood pressure (MAP; a and b), heart rate (HR; ¢ and d) and noradrenaline plasma levels (NApl;
e and f) before and with nasal continuous airway pressure (nCPAP) treatment for the normotensive () and hypertensive patients (@). Data are
presented as mean+SD for both groups. *: p=0.7; 1: p=0.04; *: p=0.6; % p=0.004; /: p=0.5; ***: p<0.001.

whole study group and in the hypertensive subgroup.
Furthermore, the current data suggest that this effect may
be directly mediated by the reduction of overall sympathetic
activity, as indicated by the strong correlation between the
changes in circulating NApl and the changes in HR induced
by nCPAP. Alternatively, cardiac vagal activity might have
been increased as a response to nCPAP therapy (not assessed
in this study). Indeed, previous studies reported increased
cardiac vagal tone after nCPAP therapy, as assessed by HR
variability analysis [26, 27]. There are further mechanisms
potentially involved in the observed blood pressure reduction
by nCPAP treatment which have not been assessed in this

study, e.g. increase in vasodilatory function and nitric oxide
content of the endothelium, reduced vasoconstriction due to
normalised circulating NA, or change of reactivity of the
renin angiotensin system. This lack of information limits the
possibility to explain the mechanisms that caused the blood
pressure reduction in hypertensives and not in normotensive
OSA patients. However, the present study clearly indicates
that blood pressure level at baseline and hypertensive state,
the severity of OSA, and probably the change in HR with
treatment are potential predictors for the blood pressure
response to nCPAP therapy.

Most uncontrolled studies have shown a blood pressure
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Table 2.—Mean arterial blood pressure (MAP), heart rate (HR) and noradrenaline plasma levels (NApl) differentiated for
wakefulness, sleep and 24 h

All Patients Normotension Hypertension
Baseline nCPAP DeltatSD Baseline nCPAP DeltatSD Baseline nCPAP DeltatsSD

Wakefulness

MAP mmHg 98.51 93.14 -5.36x11.11 90.78 88.63 -2.15£11.73  104.69 96.75 -7.94+10.47*

SYS mmHg 146.83 140.82 -6.01+14.10 133.73 132.82 -0.91+14.75  157.31 147.21 -10.09+12.82*

DIA mmHg 74.75 69.57 -3.7£10.82 68.99 66.61 -2.37%11.21 79.36 71.94 -7.42+10.52

HR beats-min’! 75.17 71.10 -4.08+5.54%* 70.64 70.00 -0.66£3.93 78.80 71.96 -6.89£5.2%*

NApl pmol-mL™!  281.90 213.76  -68.13+79.20**  261.33 24530 -16.03+45.92  298.34 188.53  -109.82£76.57**
Sleep

MAP mmHg 92.90 86.47 -6.42114.21 85.17 83.30 -1.86%13.63 99.10 89.01 -8.89+14.09

SYS mmHg 138.52 127.00  -11.52+17.36* 124.80 121.28 -3.51£16.84  149.50 131.57 -15.88+16.35%*

DIA mmHg 70.09 65.67 -4.42+12.43 64.49 63.61 -0.88+£12.77 74.57 67.32 -6.32%£12.68

HR beats-min”! 66.07 61.74 -4.37+5.52%* 61.60 60.49 -1.11%£2.45 69.66 62.74 -6.70%5.76%*

NApl pmol'mL™!  227.56 181.43  -46.12%+69.23* 202.42 201.40 -1.03£54.42  247.66 165.46 -82.20£59.14%*
24 h

MAP mmHg 96.91 91.57 -5.34+11.61 89.00 87.31 -1.69£11.92  103.24 94.98 -8.26%+11.01*

SYS mmHg 144.47 137.53 -6.94+14.22 130.97 129.94 -1.03+14.87  155.27 143.61 -11.66£11.66*

DIA mmHg 73.42 68.66 -0.76+11.17 67.54 65.88 -1.66+11.38 78.12 70.88 -7.25+10.94

HR beats-min’! 72.67 68.70 -3.971+5.40%* 68.09 67.38 -0.71+3.43 76.34 69.76 -6.58+5.39%*

NApl pmol'mL™!  266.74 205.76  -60.98%+74.12*%*  245.07 23431  -10.76+42.01  284.08 18291  -101.17£70.49**

Data are presented as mean®SD. *: p<0.05; **: p<0.01.

Table 3.—Parameters of sleep and sleep-disordered breathing at baseline and with nasal continuous airway pressure (nCPAP)

therapy
Baseline nCPAP

Normotension Hypertension Normotension Hypertension
Subjects n 8 10 8 10
TST min 385.61+68.31 370.00142.83 376.46153.87 328.85147.31
Sleep stage 1 % 16.0319.31 14.08%5.49 11.64+5.68% 10.34£5.75
Sleep stage 2 % 52.66+14.91 61.22+11.55 56.131+7.68 58.21%6.13
Sleep stage 3/4 % 11.68+5.87 4.3316.37 13.68%3.40 9.68+6.27%
REM % 19.40+3.96 20.17£10.20 18.35+4.58 21.59+6.75
Waking phases events 47.5427.34 59.4432.14 26.75+9.77% 30.30+12.12%
AHI events-h™! 42.75£19.95 70.25+28.94 0.30£0.70% 0.41£1.00%

Data are presented as mean+SD. *: significant differences between baseline and nCPAP.
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Fig. 4.—There was a significant correlation between the change in
mean 24-h noradrenaline plasma levels (NApl) after treatment with
nasal continuous airway pressure and the change in mean 24-h heart
rate (HR) (r=0.611, p=0.007, n=18 patients).

Difference in HR beats-min!

Fig. 5.—In the subgroup of hypertensive patients the change in 24-h
mean arterial blood pressure (MAP) after treatment with nasal
continuous airway pressure correlated significantly with the change in
mean 24-h heart rate (HR) (r=0.73, p=0.02, n=10 patients).
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decrease with nCPAP [17, 28]. In a few controlled studies
there was either no effect [21, 22] or a small decrease in
daytime MAP by 1.4-2.5 mmHg [19, 20]. In the normotensive
patients in the current study, the decrease in blood pressure
had a similar magnitude (-1.7 mmHg). However, the decrease
in MAP in the hypertensive patients was much more pro-
nounced (-8.3 mmHg), similar to the data of BECKER et al.
[23]. The discrepant results may be caused by the splitting
between hypertensive and normotensive patients, the con-
trolled conditions (activity level, food intake, alcohol con-
sumption, etc.), the lack of confounding antihypertensive
medication, and the invasive blood pressure measurement.
These factors have not been considered in previous studies.

An unexpected finding in the present study was the extent
of the decrease in NApl in the hypertensives with nCPAP
therapy; it reached levels below that of the normotensives.
This finding remains unexplained. The studies of JENNUM
et al. [16] and MINEMURA et al. [17], which showed similar
results, are not comparable because they did not differentiate
between hypertensive and normotensive OSA patients. In the
current study, there were no significant changes in adrenaline
in the normotensive or in the hypertensive patients. This
result confirms previous studies [17, 29].

The strengths of this study were continuous intra-arterial
blood pressure recording and the experimental protocol con-
trolling for external conditions and vigilance. Continuous
invasive blood pressure measurement was used because of its
accuracy and absence of additional sleep disturbances, which
is a limiting factor in ambulatory blood pressure monitoring
[30]. MAP is the true mean of the blood pressure curve and
reflects the mechanical load to the vessels. Therefore, this
parameter was chosen as primary end-point. Frequent
antecubital plasma NA measurements were not done in
OSA patients so far. This method can be used as a surrogate
for systemic sympathetic activity [10], while other methods
such as microneurography or catecholamine spill over are
very cumbersome and cannot be used during a 24-h period.

The major limitation of the current study is the lack of a
control group. At the time the study was designed (mid 90th)
there was no accepted placebo treatment for OSA. However,
this restriction clearly does not influence the main findings
of the current study: the group difference between normo-
and hypertensives, the association between blood pressure
changes and NA changes, and the profound changes in HR
by nCPAP. Furthermore, it has to be mentioned that the
blood pressure reductions in the hypertensive OSA group by
far exceeded previously reported placebo effects in other
studies. In the screening procedure, the assignment of the
OSA patients to the normotensive or hypertensive group had
been done using ambulatory blood pressure monitoring
(ABPM). Mean daytime values of 135 mmHg (systolic) and
of 85 mmHg (diastolic) correspond to the casual blood
pressure limits of 140 and 90 mmHg accepted as a cut-off
for hypertension [24, 31]. Beyond this, studies have shown
that end-organ damage correlates better with ABPM
measurement than with office blood pressure [32]. Although
this procedure was expected to better discriminate between
the normo- and hypertensive state in the patients in the
current study when compared with the conventional pro-
cedure of office blood pressure measurement, there was a
considerable overlap in invasively assessed blood pressure
during the baseline measurement between the two patient
groups (fig. 3). However, the main results of the present study
were not affected by this kind of study inclusion and part of
the explanatory analysis was performed in the whole group
accounting for blood pressure as a continuous variable.

The patients in the hypertensive group showed more severe
OSA at baseline and were more obese when compared to
normotensive subjects. Further analysis of the data using

multiple regression analysis and partial correlation analysis
revealed a statistical trend that the higher the RDI at baseline
the greater the decrease in NApl with nCPAP therapy.
However, such effects could not be demonstrated for blood
pressure or HR. In this analysis, cardiovascular changes were
not correlated to the BMI. This finding is in concordance with
recent data suggesting that obesity in the absence of OSA is
not accompanied by increased sympathetic activity [33].
Therefore, NApl are not likely to be affected by the extent
of obesity.

In conclusion, the present data show that nasal continuous
airway pressure substantially lowers sympathetic activity in
hypertensive obstructive sleep apnoea patients, which
occurred during both night- and daytime. This may be an
important cause of the blood pressure reduction in these
patients, although other well-known factors of blood pressure
regulation have not been examined in this study. Interestingly,
the change in heart rate with nasal continuous airway pres-
sure may have a strong predictive value for the amount of
blood pressure reduction. In normotensive obstructive sleep
apnoea patients there is only a small decrease in both sym-
pathetic activity and blood pressure. The fact that, in some
previously published studies, blood pressure remained unchanged
or showed only a small decrease with nasal continuous airway
pressure may be due to the fact that most of the patients
studied were normotensive. Therefore, studies evaluating the
effect of nasal continuous airway pressure on blood pressure
should focus on hypertensive obstructive sleep apnoea
patients. The marked blood pressure reduction with nasal
continuous airway pressure therapy seen in the obstructive
sleep apnoea patients of this study may lead to a substantial
reduction in cardiovascular risk in these patients.
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