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Study Objectives: We determined the relationship of cardiovascular risk factors, cardiovascular diseases, nocturnal blood pressure (NBP), and NBP fluctuations
(NBPFs) with the severity of obstructive sleep apnea (OSA). We also investigated the effect of short-term continuous positive airway pressure therapy on NBP
parameters.

Methods: This retrospective study included 548 patients from our cardiac clinic with suspected OSA. Patients underwent polysomnography and continuous NBP
measurement using the pulse transit time. According to their apnea-hypopnea index (AHI), patients were subclassified as controls (AHI < 5 events/h), mild (AHI 5
to < 15 events/h), moderate (AHI 15 to < 30 events/h), and severe OSA (AHI = 30 events/h); 294 patients received continuous positive airway pressure therapy.
Results: Analysis of covariance showed that NBP and the frequency of NBPFs were the highest in severe followed by moderate and mild OSA (all P <.001). Mul-
tivariable regression analysis revealed a significant association of NBPFs with AHI, body mass index, systolic NBP, and lowest SpO,. The severity of OSA is also
associated with the frequency of obesity, hypertension, diabetes mellitus, atrial fibrillation, heart failure (all P<.001), and coronary artery disease (P=.035). Short-term
continuous positive airway pressure decreased the frequency of NBPFs in all OSA groups and the systolic NBP in severe and moderate but not in mild OSA.
Conclusions: The severity of OSA s associated with an increase in NBP and NBPFs. Continuous positive airway pressure reduces NBP parameters already after the
first night. In addition to BP, the diagnosis and therapy of NBPFs should be considered in patients with OSA.
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Previous studies investigating the effect of obstructive sleep apnea (OSA) on nocturnal blood pressure (NBP) and
blood pressure fluctuations (NBPFs) have mainly focused on moderate-to-severe OSA. No previous studies have assessed the effect of continuous positive
airway pressure on NBPFs in different OSA severities. This study evaluated NBP, NBPFs, and cardiovascular risk factors in relation to OSA severity and
assessed the effect of short-term continuous positive airway pressure on NBP and NBPFs.

Study Impact: NBP, and in particular NBPFs, were associated with OSA severity. Continuous positive airway pressure reduces NBPFs in mild, moderate, and
severe OSA. In addition to blood pressure, the diagnosis and therapy of NBPFs should be considered in patients with OSA.

INTRODUCTION

Obstructive sleep apnea (OSA) is common in patients with car-

system. It is widely known that severe OSA induces hypertension
but the association of mild-to-moderate OSA with hypertension
remains unclear.*® In the last years, several reports on the underly-

diovascular disease (CVD) and may causally contribute tohyper-  jng mechanism by which OSA increases BP have been published.
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tension, coronary artery disease, heart failure, and atrial
fibrillation."* The association between OSA and CVD is not
entirely understood, but endothelial damage, increased blood
pressure (BP), frequent BP variations, and obesity seem to play
an important role.'

Apneas and hypopneas lead to arousal from sleep and induce hyp-

oxemia, associated with activation of the sympathetic nervous
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Recent studies suggest that the activation of the sympathetic nervous
system leads to nocturnal BP (NBP) variations and, as a result, the
mean value of NBP increases.>”® On the other hand, NBP but
also NBP fluctuations (NBPFs) have been reported to increase car-
diovascular risk independently of each other.”'°

Previous studies have shown that OSA is associated with car-
diovascular risk factors and that CVD increased in patients with
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severe OSA. In patients with mild-to-moderate OSA there are
limited data published and the correlation remains unclear.'''?

Continuous positive airway pressure (CPAP) treatment is the
most effective therapy for OSA. Numerous studies have shown
that CPAP opensthe airways and prevents airflow collapse during
sleep.'*'® The therapy is highly effective in reducing the epi-
sodes of hypoxemia, improving the quality of sleep and reducing
daytime sleepiness. In contrast, there are different findings about
the effect of CPAP on BP and limited data on the relationship
between NBPFs and OSA.'"" It can be postulated that short-
term CPAP therapy shows an immediate effect on NBPFs already
in the first night with the consequence of reduced episodes of
hypoxemia.

The aim of the current study was to evaluate the relationship
between cardiovascular risk factors, CVDs, NBPFs, and NBP in
patients with different severities of OSA compared to patients with-
out OSA. Additionally, we investigated the effect of short-term
CPAP therapy on NBPFs and NBP in mild, moderate, and severe
OSA. To the best of our knowledge, the effect of CPAP therapy
on NBPFs in different OSA groups has not yet been examined.

METHODS

Study population

The following research represents a retrospective monocentric
study and was approved by the local ethics committee of the Med-
ical Association of Witten/Herdecke. Between January 2014 and
January 2019, 548 consecutive patients from our cardiac clinic
with suspected sleep-disordered breathing (self-reported daytime
sleepiness, heavy snoring, history of witnessed apneas, obesity)
were enrolled in the study. Patients presented due to hypertension,
CVD, or screening for heart diseases. We excluded patients pre-
viously diagnosed with OSA or central sleep apnea or who were
unwilling to participate in the study. The trial included an evalu-
ation of cardiovascularrisk factors and CVDs, and all participants
underwent overnight full polysomnography (PSG), continuous
NBP measurement, echocardiography, and an evaluation via
the Epworth Sleepiness Scale. According to their apnea-
hypopnea index (AHI), patients were divided into four sub-
groups: AHI < 5 events/h were controls, AHI =5 events/h and
<15 events’h were grouped as mild sleep apnea, AHI =15
events/h and < 30 events/h as moderate sleep apnea, and AHI
> 30 events/h as severe sleep apnea.?’

PSG

All patients underwent overnight PSGusing the SOMNOscreen plus
system (SOMNOmedics, Randersacker, Germany). The data were
scored manually according to the guidelines of the American Acad-
emy of Sleep Medicine.”' Apneawas defined as a decrease in airflow
by =90% of the baseline for = 10 s. Hypopnea was defined as a
decrease in airflow by =30% of baseline for > 10 s associated
with an oxygen desaturation of > 3%.>' We calculated the following
variables during the sleep period: AHI, mean apnea duration, mean
hypopnea duration, oxygen desaturation index, mean oxygen satura-
tion (SpO,), minimum SpO,, duration SpO, <90%, arousal index,
sleep efficacy, and rapid eye movement sleep variables.

Journal of Clinical Sleep Medicine, Vol. 18, No. 2

Nocturnal blood pressure and fluctuations

PSG was conducted at baseline for diagnosis and at the next
consecutive day to titrate CPAP therapy in case of diagnosed
sleep apnea. Daytime sleepiness was estimated using the Epworth
Sleepiness Scale.*?

NBP and NBPFs

We determined the NBP beat-to-beat continuously and synchro-
nized with PSG by measuring the pulse transit time (SOM-
NOscreen Plus System, SOMNOmedics, Randersacker,
Germany). This recently established method allows the detection
of NBPFs and shows a clinical acceptable accuracy under physi-
ological and pathological conditions.”** Several studies have
shown that pulse transit time has a linear correlation with BP
and the SOMNOscreen Plus System has passed the requirements
of the European Society of Hypertension international protocol
revision 2010.%*-** Calibration of pulse transit time was imple-
mented by cuff measurement of each patient after a supine resting
period of 10 minutes. All systolic and diastolic BP values were
synchronized with PSG and analyzed using DOMINO software
(version 2.7) (SOMNOmedics, Randersacker, Germany).

We defined BP parameters as follows: NBP as the average of
BP during the period from 10 pM to 6 AM; maximum systolic BP
(SBP) as the highest nocturnal SBP value; NBPFs as an increase
in SBP > 12 mmHg within 30 seconds per hour of sleep time; and
respiratory-related NBPFs as an increase of SBP > 12 mmHg
within 30 seconds associated with a respiratory event such as hyp-
oxemia, hypopnea, or apnea per hour of sleep time.

Echocardiographic evaluation

Echocardiographic evaluation was performed on patients by an
experienced physician using a Philips iE 33 ultrasound system
(Philips Healthcare, Hamburg, Germany). The following param-
eters of the left ventricle were measured: left ventricular end-
diastolic diameter, left ventricular posterior wall thickness in
end-diastole, interventricular septum thickness during diastole,
and left ventricular ejection fraction. The measurements were
determined by following the recommendations of the American
Society of Echocardiography.*’

Statistical analysis

Statistical analysis was performed using SPSS 26.0 for Windows.
Continuous data were either expressed as mean + standard devi-
ation or as adjusted means with the 95% confidence interval and
tested for normal distribution with the Shapiro-Wilk test. Cate-
gorical variables were presented as frequencies and percentages.
The Pearson’s chi-square test was used to assess the overall effect
ofthe OSA group on categorical variables like risk factors, CVDs
and sex. Pairwise comparisons between the OSA groups were
performed by z-test for proportions.

Analysis of covariance was used to compare differences
between the OSA groups in continuous data like BP, NBPFs,
and polysomnographic parameters. To address differences
between OSA groups we analyzed the following covariates:
age, male, obesity (body mass index [BMI] = 30 kg/m?), nicotine
use, hypertension, diabetes mellitus, hypercholesterolemia, cor-
onary artery disease, previous myocardial infarction,
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nonischemic cardiomyopathy, atrial fibrillation, heart failure,
and intake of = 3 antihypertensive drugs.

To determine the associations between NBPFs, or rather
respiratory-related NBPFs with other variables like age, male,
BMI, polysomnographic data, and BP data, we performed a mul-
tivariable linear regression analysis.

Comparisons of data collected before and after the first night of
CPAP therapy were evaluated with Student’s 7 test. Results with a
P value below .05 were considered statistically significant.

RESULTS

Patient characteristics and cardiovascular risk factors
Figure 1 outlines the study flowchart and Table 1 lists the clinical
baseline characteristics. Of the 548 patients with CVD with sus-
pected sleep-disordered breathing (364 men, 184 women; 35 to 89
years) included in the study 481 of these were additionally diag-
nosed with OSA (AHI = 5 events/h). In patients with OSA, there
were 156 (32.4%) females and 325 (67.6%) males compared with
32 (47.8%) females and 35 (52.2%) males in controls (P =.013).
The age range in the OSA group was 35-89 years and the average
age was 68.1 years £+ 11.1; in controls the age range was 39-87

Nocturnal blood pressure and fluctuations

years (average age: 64.3 £ 12.7 years); P = .014. The mean
BMI range was 18.8-49.5 kg/m? (mean: 30.8 + 5.6 kg/m?) in
the OSA group and 17.4-35.3 kg/m* (mean: 26.9 + 3.8 kg/m?)
in the non-OSA group (P < .001). The patients were divided
into four groups according to their AHI: controls (AHI < 5
events/h) consisted of 67 patients, mild OSA (AHI 5 to < 15
events/h) consisted of 115 patients, moderate OSA (AHI 15 to
<30 events/h) consisted of 146 patients, and severe OSA (AHI
> 30 events/h) consisted of 220 patients. According to statistics,
the frequency of obesity (P < .001), hypertension (P < .001),
therapy-resistant hypertension (=3 antihypertensive drugs) (P
<.001), diabetes mellitus (P < .001), and male sex (P = .002)
increases with severity of OSA. The prevalence of obesity
(BMI > 30 kg/m?) in the severe OSA group was four times higher
compared to controls and two times higher compared to those
withmild OSA. Inpatients with severe OSA the prevalence of dia-
betes mellitus was five times higher and in the mild OSA group 2.5
times higher compared with controls. Figure 2A shows the fre-
quency of cardiovascular risk factors in relation to OSA severity.

CVDs
According to statistics we observed significant differences
between the OSA groups concerning the frequency of coronary

Figure 1—Flowchart of study patients.
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The 548 patients underwent full PSG and were separated into four subgroups according to their AHI; 294 of 548 study patients were treated with CPAP therapy. AHI =
apnea-hypopnea index, CPAP = continuous positive airway pressure, OSA = obstructive sleep apnea, PSG = polysomnography, t0 = data at baseline, t1 = data obtained

at the next consecutive day after titrate CPAP therapy.
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Table 1—Baseline characteristics of the study population.

Controls, Mild OSA, Moderate OSA, Severe OSA,
AHI < 5 Events/h AHI 5 to < 15 AHI 15 to < 30 | AHI 2 30 Events/h P Across All
(n =67) Events/h (n = 115) | Events/h (n = 146) (n = 220)
Risk factors
Age, y 64.3 + 12.7 68.0 + 11.5 69.0 + 10.6 67.6 £ 11.3 14
Male 35/67 (52.2) 66/115 (57.4) 97/146 (66.4) 162/220 (73.6) .002
Body mass index, kg/m? 26.8 3.9 28.7+52 30.1 £ 5.1 323 +£56 <.001
Obesity (=30 kg/m?) 12/67 (17.9) 35/115 (30.4) 64/146 (45.0) 149/220 (67.7) <.001
Obesity grade 1 (30-34.9 kg/m?) 11/67 (16.4) 23/115 (20.0) 47146 (32.2) 85/220 (38.6) <.001
Obesity grade 2 (35-39.9 kg/m?) 1167 (1.5) 7/115 (6.1) 10/146 (6.8) 41/220 (18.6) <.001
Obesity grade 3 (=40 kg/m?) 0/67 (0) 6/115 (5.2) 8/146 (5.5) 22/220 (10.0) 023
Nicotine/ex-nicotine 17167 (25.4) 32/115 (27.8) 40/146 (27.4) 721220 (32.7) 548
Hypercholesterolemia® 41/67 (61.2) 69/115 (60.0) 91/146 (63.4) 139/220 (63.2) 950
Hypertension® 59/67 (88.1) 110/115 (95.7) 144/146 (98.6) 218/220 (99.1) <.001
Heart disease
CAD 24167 (35.8) 49115 (42.6) 70/146 (47.9) 119/220 (54.1) .035
Previous MI 3/67 (4.5) 71115 (6.1) 15/146 (10.3) 27/220 (12.3) 133
Atrial fibrillation 3/67 (4.5) 14/115 (12.2) 28/146 (19.2) 55/220 (25) <.001
Previous diagnosed atrial fibrillation 26/67 (38.8) 44/115 (38.3) 61/146 (41.8) 91/220 (41.4) 922
CIED 6/67 (9.0) 6/115 (5.2) 14/146 (9.6) 29/220 (13.2) 139
Nonischemic cardiomyopathy 4/67 (6.0) 6/115 (5.2) 3/146 (2.1) 10/220 (4.5) 466
Echocardiographic data
Heart failure® 4/67 (6.0) 15/115 (13) 35/146 (24) 76/219 (34.5) <.001
Mild 3/67 (4.5) 71115 (6.1) 19/146 (13) 321219 (14.5) 027
Moderate 1167 (1.5) 6/115 (5.2) 10/146 (6.8) 26/219 (11.8) 019
Severe 0/67 (0) 2/115 (1.7) 6/146 (4.1) 19/219 (8.6) .005
LVEDD® increased 0/55 (0) 4/100 (4) 11122 (9) 22/191 (11.5) 015
IVSD® increased 29/52 (55.8) 61/99 (61.6) 75/115 (65.2) 135/180 (75) 022
LVPWD' increased 21/51 (41.2) 48/96 (50) 56/112 (50.5) 101177 (57.1) 209
Further disease
Diabetes mellitus 5/67 (7.5) 22/115 (19.1) 32/146 (21.9) 82/220 (37.3) <.001
Renal insufficiency 9/67(13.4) 13115 (11.3) 29/146 (19.9) 50/220 (22.7) .048
COPD 2/67 (3.0) 9/115 (7.8) 14/146 (9.6) 15/220 (6.8) 321
Antihypertensive drugs
ACEI 2467 (35.8) 35/115 (30.4) 63/146 (66.4) 93/220 (42.3) 119
AT1 receptor antagonists 27/67 (40.3) 52/115 (45.2) 60/146 (41.1) 97/220 (44.1) 861
[3-Blocker 43/67 (64.2) 80/115 (69.6) 112/146 (76.7) 176/220 (80.0) 027
Calcium channel blocker 19/67(28.4) 36/115 (31.3) 61/146 (41.8) 100/220 (45.5) 027
Diuretics 17167 (25.4) 47/115 (40.9) 72/146 (49.3) 125/220 (56.8) <.001
Mean value antihypertensive drugs 19+ 141 2211 2510 28+10 <.001
=3 Antihypertensive drugs 19/67 (28.4) 46/115 (40.0) 81/146 (55.5) 137/220 (62.3) <.001

Continuous variables are presented as mean + SD. Categorical variables are presented as frequencies with percentages. *Hypercholesterolemia was defined as
previous diagnosis of hypercholesterolemia, intake of lipid-lowering medications, low-density lipoprotein cholesterol levels > 160 mg/dL, high-density lipoprotein
cholesterol <40 mg/dL, or cholesterol levels > 200 mg/dL. ®Hypertension was defined as previous diagnosis of hypertension and intake of antihypertensive
medications. *Heart failure was defined in men as LVEF < 52%, in women as LVEF < 54% (mild: men: LVEF 41-51%, women: LVEF 41-53%; moderate: LVEF
30-40%; severe: LVEF <30%). 9LVEDD was defined asincreased in men > 58 mm, inwomen > 52 mm. *IVSD was defined asincreased in men > 10 mm, inwomen
>9mm. 'LVPWD was defined as increased in men > 10 mm, in women > 9 mm. ACE| = angiotensin-converting-enzyme inhibitor, AHI = apnea-hypopneaindex, AT1
=angiotensin 1-receptor antagonist, CAD = coronary artery disease, CIED = cardiacimplantable electronic device, COPD = chronic obstructive pulmonary disease,
IVSD =interventricular septum thickness, LVEDD = left ventricular end diastolic diameter, LVEF =left ventricular ejection fraction; LVPWD =left ventricular posterior
wall thickness, MI = myocardial infarction, OSA = obstructive sleep apnea.
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Figure 2—Cardiovascular risk factors, cardiovascular disease, and NBPFs in relation to OSA severity.
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fluctuation.

artery disease (P =.035), atrial fibrillation (P < .001), and heart
failure (P < .001). In patients with severe OSA the prevalence
of heart failure with reduced ejection fraction was six times
higher, in moderate OSA four times higher, and in mild OSA
2.1 times higher compared to controls. There were no significant
differences between the study groups concerning previous myo-
cardial infarction, previous diagnosed atrial fibrillation, cardiac
implantable electronic device, and nonischemic cardiomyopathy
(Table 1 shows heart diseases, further diseases, and echocardio-
graphic data in the different OSA groups and Figure 2B shows the
frequency of CVDs in relation to OSA severity).

PSG-derived parameters

Compared to controls, patients with OSA had a significantly
higher AHI value (32.1 £ 19.2 events/h vs 3.2 + 1.4 events/h, P
<.001), a significantly longer apnea duration (24.0 £ 7.5 seconds
vs 21.0 £ 10.0 seconds, P = .010), a significantly higher oxygen
desaturation index (32.2 +£ 18.8/h vs 3.4 £2.4/h, P <.001), a sig-
nificantly lower SpO, valueinmean (92.5+3.0%vs 95.1vs 1.7%,
P <.001), and a significantly lower minimum SpO, value (80.1 +
7.0% vs 89.1 vs 2.9%, P <.001).

According to their AHI, patients were grouped into controls
and mild, moderate, and severe OSA. After adjusting for covari-
ates (age, male, obesity [BMI =30 kg/m?], nicotine, hyperten-
sion, diabetes mellitus, hypercholesterolemia, coronary artery
disease, previous myocardial infarction, nonischemic cardiomy-
opathy, atrial fibrillation, heart failure, and intake of

Journal of Clinical Sleep Medicine, Vol. 18, No. 2

antihypertensive drugs) analysis of covariance showed signifi-
cant differences between the OSA groups concerning AHI,
mean apnea duration, oxygen desaturation index, mean SpO,,
lowest SpO,, arousal index (all P < .001), and mean hypopnea
duration (P = .022). Table 2 shows the adjusted mean values
and the 95% confidence intervals.

As shown in Table 3, CPAP therapy improved all PSG-derived
parameters immediately after the first night in patients with severe
OSA (all P <.001); in patients with mild-to-moderate sleep apnea
CPAP therapy improved all PSG-derived parameters apart from
arousal index and mean SpO, (all P between <.001 and .002).

NBP parameters

The mean values of nocturnal systolic, but not of diastolic, BP
were significantly higher in patients with OSA than in controls
(SBP: 130.1 £ 18 mmHg vs121.1 + 14 mmHg, P =.044; diastolic
BP: 78.4 £ 12.5 mmHg vs 74.5 £ 12.4 mmHg, P = .201). Overall
and respiratory-related NBPFs were significantly more frequent
in the whole OSA group (P in each case < .001). NBPFs and
respiratory-related NBPFs increased also in relation to OSA
severity. We used the median for NBPFs (27.3/h) and for
respiratory-related NBPFs (4.2/h) of the entire study population
to define cut-off values (Figure 2C).

After adjusting for covariates analysis of covariance showed
significant differences between the OSA groups concerning the
BP parameters (shown in Table 2). The highest nocturnal systolic
and diastolic BP was found in patients with severe OSA followed
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Table 2—Polysomnographic and blood pressure data in relation to OSA severity.

Controls Mild OSA Moderate OSA, Severe OSA,
AHI < 5 Ever’1tslh AHI 5 to < 15 AHI 15 to < 30 | AHI 2 30 Events/ Test Statistic p
(n = 67) Events/h, Events/h, h,
t0 (n = 115) t0 (n = 146) t0 (n = 220)
Polysomnographic data

AHI, per h 440 11.88 22.68 48.36 F(3, 529) = 463.54 <.001
[1.97-6.83] [10.10-13.65] [21.15-24.22] [47.03-49.70]

Mean apnea duration, s 21.48 21.35 22.85 25.65 F(3, 523) = 8.66 <.001
[19.54-23.42] [19.94-22.77] [21.63-24.08] [24.59-26.71]

Mean hypopnea duration, 30.64 34.30 33.79 32.67 F(3, 524) = 3.23 .022
s [28.50-32.78] [32.74-35.86] [32.45-35.14] [31.50-33.84]

ODI, per h 5.24 12.27 23.18 45.64 F(3, 529) = 319.66 <.001
[2.58-7.90] [10.33-14.22] [21.49-24.86] [44.18-47.11]

Mean SpO,, % 94.48 92.94 92.78 92.15 F(3, 529) = 8.84 <.001
[93.74-95.22] [92.40-93.48] [92.31-93.25] [91.75-92.56]

Lowest Sp0,, % 87.64 84.27 82.56 78.56 F(3, 528) = 34.80 <.001
[86.04-89.23] [83.10-85.43] [81.54-83.57] [77.69-79.44]

Arousal index, per h 9.42 10.24 10.60 17.27 F(3, 499) = 25.54 <.001
[6.94-11.90] [8.70-11.78] [9.27-11.93] [16.12-18.42]

Blood pressure data

Mean SBP, mmHg 123.3 126.5 127.3 1334 F(3, 512) = 6.33 <.001
[118.7-127.7] [123.3-129.7] [124.5-130.1] [130.9-135.9]

Mean DBP, mmHg 73.9 76.8 771 81.1 F(3, 511) = 6.29 <.001
[70.9-77.6] [74.6-78.9] [75.2-79.0] [79.4-82.8]

Maximum SBP, mmHg 149.8 155.9 158.7 174.2 F(3, 514) = 18.34 <.001
[143.2-156.5] [151.4-160.7] [154.8-163.0] [170.6-178.9]

Overall NBPFs, per h 17.18 2116 32.24 50.93 F(3, 515) = 38.89 <.001
[10.64-23.72] [16.42-25.89] [28.09-36.39] [47.29-54.57]

Respiratory-related 0.76 2.02 4.83 16.15 F(3, 515) = 73.60 <.001
NBPFs, per h [—1.66 to 3.18] | [—1.66 to 3.18] [3.36-6.30] [14.85-17.44]

The table shows adjusted means and [95% confidence intervals]. Means were adjusted for age, male, obesity (body mass index = 30 kg/m?), nicotine, hypertension,
diabetes mellitus, hypercholesterolemia, coronary artery disease, previous mitral infarction, nonischemic cardiomyopathy, atrial fibrillation, heart failure, and intake
of antihypertensive drugs. AHI = apnea-hypopneaindex, DBP = diastolic blood pressure, NBPF = nocturnal blood pressure fluctuation, ODI = oxygen desaturation
index, OSA = obstructive sleep apnea, SBP = systolic blood pressure, SpO,, oxygen saturation, t0 = data at baseline.

by patients with moderate and mild OSA. The differences
between the severe OSA group and all other groups were signif-
icant (all P <.001). Between moderate and mild OSA as well as
between mild OSA and controls we observed no significant dif-
ference regarding the SBP and diastolic PB. The frequency of
overall and respiratory-related NBPFs increased with the severity
of OSA and was significantly different between all OSA sub-
groups. CPAP therapy decreased the frequency of both, overall
NBPFs and respiratory-related NBPFs, in all OSA groups. In
severe OSA we also observed decrease of the SBP (P < .001)
and diastolic BP (P =.034) and in moderate OSA a decrease of
SPB (P = .003) after CPAP therapy. The differences of those
parameters in mild sleep apnea were not significant. Table 3
shows NBP data at baseline and after CPAP therapy and Figure
3 illustrates the NBPFs of the OSA subgroups (Figure S1 in the
supplemental material shows the other BP parameters).

We performed multivariable regression analysis to determine
the potential predictors of NBPFs. In order to reduce the risk of
overadjustment we used the variables most likely to be important
clinically. The results revealed a significant association of

Journal of Clinical Sleep Medicine, Vol. 18, No. 2

NBPFs with mean SBP (P = .003), AHI (P < .001), and male
sex (P < .001). Respiratory-related NBPFs were significantly
associated with AHI (P < .001), lowest SpO, (P = .040), BMI
(P =.033), and male sex (P = .030). Table 4 shows the results
of multivariable linear regression analysis.

DISCUSSION

In this study we included patients with mild-to-severe OSA and
found that the amount of NBPFs and the average NBP were
associated with OSA severity. We also investigated the effect
of short-term CPAP therapy on NBP parameters. To the best of
our knowledge, the effect of CPAP therapy on NBPFs in different
OSA groups has not yet been examined. Moreover, we evaluated
the association between cardiovascularrisk factorsand CVD with
differing OSA severities.

BP was analyzed beat-to-beat continuously with the pulse tran-
sit time measurement synchronized with PSG. The beat-to-beat
measurement enables the detection of acute BP changes such as
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Table 3—Polysomnographic data and blood pressure data at baseline and after short-term CPAP therapy.

Mild OSA, Moderate OSA, Severe OSA,
AHI 5 to < 15 Events/h, AHI 15 to < 30 Events/h, AHI 2 30 Events/h,
t0*/t1 (n = 25) t0*/t1 (n = 94) t0*/t1 (n = 175)

Apnea-hypopnea index, per h

t0* 12.7 + 21 229+ 44 488 + 14.8

t1 2.70 £ 1.46 65+52 101 + 8.6

P, t0* vs t1 <.001 <.001 <.001
Mean apnea duration, s

t0* 216 £ 6.6 238 +6.6 256 + 84

t1 16.6 + 9.7 176 £ 5.6 17677

P, t0* vs t1 017 <.001 <.001
Mean hypopnea duration, s

t0* 356 + 10.7 33872 32172

t1 26.5+10.8 246 + 115 23.8 + 101

P, t0* vs t1 .001 <.001 <.001
ODlI, per h

to* 1.7 +£32 232+73 46.3 + 146

t1 36128 94 +69 147 + 115

P, t0* vs t1 <.001 <.001 <.001
Mean SpO,, %

t0* 932+23 927 +23 919140

t1 950+ 19 934 +99 934 +35

P, t0* vs t1 <.001 515 <.001
Lowest Sp0,, %

t0* 85.2 + 4.1 815+6.5 78176

t1 89.3 £ 35 86.6 + 4.4 852 £ 6.0

P, t0* vs t1 <.001 <.001 <.001
Arousal index, per h

to* 99 +50 102 £ 5.6 179+ 1.2

t1 90+54 M7+78 11+64

P, t0* vs t1 279 .090 <.001
Mean SBP, mmHg

to* 1224 £ 15.8 128.0 + 14.7 1340 £ 175

t1 120.7 £ 12.8 1234 £ 14.6 1276 £ 17.8

P, t0* vs t1 586 .003 <.001
Mean DBP, mmHg

t0* 741+ 113 765 + 11.7 822 £ 13.7

t1 75.8 + 8.6 769 + 124 79.7 £ 13.3

P, t0* vs t1 457 7128 .034
Maximum SBP, mmHg

to* 1499 + 18.3 159.1 £ 24.4 1752 + 314

t1 1436 £ 17.6 150.2 + 19.5 159.8 £ 27.9

P, t0* vs t1 A21 <.001 <.001
Overall NBPFs, per h

t0* 234 +15.0 30.1+£225 498 + 32.7

t1 136 + 11.7 205+ 17.6 312 +£305

P, t0* vs t1 <.001 <.001 <.001
Respiratory NBPFs, per h

t0* 24+16 47 +39 16.1 £ 11.0

(continued on following page)
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Table 3—Polysomnographic data and blood pressure data at baseline and after short-term CPAP therapy. (Continued)

Mild OSA,
AHI 5 to < 15 Events/h,
t0*/t1 (n = 25)

Moderate OSA,
AHI 15 to < 30 Events/h,
t0*/t1 (n = 94)

Severe OSA,
AHI = 30 Events/h,
t0*/t1 (n = 175)

t1

04 + 047

09 +11

22 %31

P, t0* vs t1

<.001

<.001

<.001

sreserved.

Downloaded from jesm.aasm.org by Kirsten T’\r?/elgr on Fglljlruarxtg, 2022. For personal use only. No other uses without permission.
icine. rig

Copyright 2022 American Academy of Sleep

Variables are presented as mean + standard deviation. AHI = apnea-hypopnea index, CPAP = continuous positive airway pressure, DBP = diastolic blood pressure,
NBPF =nocturnal blood pressure fluctuation, ODI = oxygen desaturation index, OSA = obstructive sleep apnea, SBP = systolic blood pressure, t0* = polysomnographic
data at baseline in patients who decided to use CPAP therapy at the next consecutive day, t1 = polysomnographic data during titrate CPAP therapy.

NBPFs. 2324 NBPFs, which are defined as an increase of SBP> 12
mmHg within 30 seconds, are presumably caused by hypoxemia
or arousals. In the present study, we demonstrated that the fre-
quency of NBPFs increases with the severity of OSA and is sig-
nificantly different between all OSA subgroups. In the past
years there were only few data published about the relationship
between NBPFs and OSA.>"*° A recently published study indi-
cated ahigh frequency of NBPFs in patients with severe OS A, but
there are limited data about mild OSA available.'* The data of the
current study showed that the highest frequency of NBPFs is
found in severe OSA followed by moderate and mild OSA. Fur-
thermore, this also suggests that frequent NBPFs increase the
maximum of SBP and as a result the average NBP. Our findings
confirm this hypothesis: NBPFs were associated with a higher
maximum and average of nocturnal SBP. This effect is most sig-
nificantin severe OSA but also demonstrable in moderate OSA. It
is well known that a hypertensive BP should be controlled < 140/
90 mmHgto avoid future cardiovascular events, butrecent studies
suggest that even BP variations lead to more frequent cardiovas-
cular outcomes, independently ofthe average BP.****° A study by
Webb et al analyzed different kinds of BP variations and showed
that beat-to-beat BP variations predict cardiovascular events and
recurrent stroke.?’ In contrast, the visit-to-visit office BP variabil-
ity seems not to be a predictor of cardiovascular events.*®

It is reasonable to assume that also mild OSA in the long term
leads to hypertension, and therefore the early diagnosis and treat-
ment ofmild OSA is of far-reaching importance.® Moreover, mild
OSA may progress to a more severe OSA, so an effective treat-
ment is of even greater relevance.

In view of the above, it is particularly important to reduce the
average BP as well as NBPFs. In the present study we investigated
the effect of CPAP therapy on NBP parameters in different OSA
groups. To the best of our knowledge there are hardly any data
available regarding the effect of CPAP therapy on NBPFs. In
our recently published study we demonstrated that CPAP therapy
decreased the frequency of NBPFs in patients with severe OSA.®
Our findings of the current study suggest that CPAP therapy
immediately reduces the frequency of NBPFs in mild (—9.8/h;
P<.001), moderate (—9.6/h; P < .001), and severe (—18.6/h;
P<.001) OSA from the first night forward. It can be assumed
that this effect leads to an improvement of the average BP. Our
data confirm this assumption: After short-term CPAP therapy
we observed a decrease of the average NBP in moderate and
severe OSA. We did not find a decrease of average BP in mild
OSA, but presumably this effect will be demonstrable after
long-term CPAP therapy. On the other hand, there are controver-
sial findings presented about the effectiveness of CPAP on
BP.'*!%2% A recently published meta-analysis identified

Figure 3—Nocturnal blood pressure fluctuations at baseline and after titrate CPAP therapy.
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AHI = apnea-hypopnea index, CPAP = continuous positive airway pressure, NBPF = nocturnal blood pressure fluctuation, t0 = data at baseline, t1 = data obtained at the

next consecutive day after titrate CPAP therapy. * P < .05; ** P <.01; ** P<.001.
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Nocturnal blood pressure and fluctuations

Table 4—Results of multivariable linear regression analysis of potential predictors on nocturnal blood pressure fluctuations.

NBPFs rNBPFs
Variable
B 95% ClI B 95% ClI P
Age, y —-.02 —-0.10, 0.07 689 .00 —0.07, 0.07 .996
Male 24 0.16, 0.32 <.001 .07 0.01, 0.14 .030
BMI, kg/m? —.05 —0.14, 0.05 329 —-.08 —0.15, 0.00 .040
AHI, per h 43 0.33, 0.54 <.001 65 0.57, 0.74 <.001
Mean apnea —.03 —0.12, 0.06 495 —.02 —0.09, 0.05 658
duration, s

Lowest SpO,, % —-.03 —0.13, 0.07 .560 —-.08 —0.16, 0.00 .040
Arousal index, per h —.07 —0.16, 0.02 108 .04 —0.03, 0.1 .285
Mean SBP, mmHg -.12 0.04, 0.20 .003 .03 —0.03, 0.10 344
Model summary R? = 27, P < .001 R? = 51, P < .001

AHI=apnea-hypopneaindex, BMI=body massindex, Cl = confidence interval, NBPF =nocturnal blood pressure fluctuation, INBPF = respiratory-related nocturnal
blood pressure fluctuation, SBP = systolic blood pressure, SpO, = oxygen saturation, 3 = standardized regression coefficient.

subgroups of patients who respond best to the treatment.
Patients younger than 60 years with uncontrolled BP and
with severe hypoxemia showed a greater reduction of BP
after CPAP therapy.”® Most of our study patients have hyper-
tension (mild OSA: 95.7%, moderate OSA: 98.6%, severe
OSA: 99.1%) and a large part of them need to take =3 anti-
hypertensive drugs (mild OSA: 40.0%, moderate OSA:
55.5%, severe OSA: 62.3%). The authors of another recently
published study postulate that the antihypertensive effect of
CPAP therapy depends on the cause of hypertension. CPAP
reduces the BP in patients whose hypertension is strongly
associated with respiratory events.® It can be speculated that
one reason for hypertension in our study population is based
on respiratory events and following NBPFs. Further studies to
clarify the cause of NBP variations are necessary to treat
hypertensive patients with OSA efficiently. Besides an opti-
mal BP adjustment, the control of other cardiovascular risk
factors is of importance to avoid further cardiovascular
events.

In our study we evaluated the cardiovascular risk factors
associated with OSA severity. We found that the frequency of
male sex, obesity, and diabetes mellitus increase with the sever-
ity of OSA. The prevalence of obesity defined as BMI > 30 kg/
m? in the severe OSA group was four times higher (67.7%), in
moderate OSA 2.5 times higher (45.0%), and in mild OSA
patients 1.7 times higher (30.4%) compared to controls
(17.9%) (P < .001). The average BMI for patients with severe
OSA was 32.3 kg/m?, for moderate OSA 30.1 kg/m? for
mild OSA 28.7 kg/m?, and for the non-OSA group 26.8 kg/
m? (P <.001). Our study suggests that BMI was a clinical pre-
dictor for AHI; we demonstrated a correlation between BMI
and AHI (= .363, P <.001). There are divergent findings pub-
lished about the relationship between BMI and AHI; this sug-
gests that the correlation between BMI and AHI is
complex.''*1? Most of the published literature demonstrated
that an increase in BMI is related to an increase in AHI, but
there are also studies published that did not find a significant
relationship between AHI und BMI.''-!-32

Journal of Clinical Sleep Medicine, Vol. 18, No. 2

However, obesity is a strong independent risk factor for
OSA due to increased pharyngeal collapsibility and lung vol-
ume reduction in the recumbent position." Apart from that,
OSA can also enhance the risk of obesity due to physical
inactivity and hormonal dysregulation.*> Both OSA and obe-
sity increase the risk of developing hypertension and CVD
due to an activation of the sympathetic nervous system,
increase of endothelial dysfunction, and metabolic dysregula-
tion.>> Consistent with these findings, we demonstrated in our
study group a strong association between diabetes mellitus
and OSA severity. In patients with mild OSA the prevalence
of diabetes was 2.5 times higher and in severe OSA about
five times higher compared to controls (P < .001). OSA, obe-
sity, and metabolic syndrome are well known to be risk fac-
tors for the development of CVD. Our study demonstrated a
higher frequency of atrial fibrillation, coronary artery disease,
and heart failure in patients with OSA and a correlation with
the severity of OSA. In light of the above, for an effective
therapy of OSA it is also important for obese patients to
address a weight reduction, in addition to the consequent
use of CPAP treatment.

It must be addressed that this study has certain limitations.
First, patients were enrolled from our cardiological department
and it can be questioned whether our findings can be generalized
to other populations. In particular, the large proportion of hyper-
tensive patients (> 95% in all OSA groups) and the average age
around 67 years in our study population may have influenced
the results.

Second, the number of patients in the various OSA groups was
different; especially the mild OSA group with 115 participants
was comparatively small. Therefore, conclusions must be treated
with some caution. Third, we investigated the effect of CPAP on
NBPFs after the first night. More data about long-term CPAP
therapy are needed before drawing final conclusions about the
effectiveness of CPAP therapy.

In conclusion, our results suggest that NBP and NBPFs are
associated with the severity of OSA. In all OSA groups, CPAP
decreased the frequency of NBPFs after the first night of
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treatment. The severity of OSA is also associated with the fre-
quency of male sex, obesity, hypertension, diabetes mellitus,
atrial fibrillation, heart failure, and coronary artery disease.

ABBREVIATIONS

AHI, apnea-hypopnea index

BMI, body mass index

BP, blood pressure

CPAP, continuous positive airway pressure
CVD, cardiovascular disease

NBP, nocturnal blood pressure

NBPF, nocturnal blood pressure fluctuation
OSA, obstructive sleep apnea

PSG, polysomnography

SBP, systolic blood pressure

SpO,, oxygen saturation
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