Sleep and Breathing (2025) 29:71
https://doi.org/10.1007/511325-024-03189-9

SLEEP BREATHING PHYSIOLOGY AND DISORDERS - ORIGINAL ARTICLE

®

Check for
updates

The effect of continuous positive airway pressure therapy on early
atherosclerosis in patients with severe obstructive sleep apnea-
hypopnea syndrome

Déra Sulina'® - Szilvia Puskas'® - Maria Tiinde Magyar®® - Laszl6 Olah'® . Norbert Kozak'

Received: 5 July 2024 / Revised: 22 September 2024 / Accepted: 14 October 2024 / Published online: 8 January 2025
©The Author(s) 2024

Abstract

Purpose Obstructive sleep apnea-hypopnea syndrome (OSAHS) is the most common sleep-related breathing disorder. Lon-
ger term, repeated episodes of hypercapnia and hypoxemia during sleep are associated with inflammatory and atherosclero-
sis-related factors. The aim of this study was to explore the effect of continuous positive airway pressure (CPAP) therapy on
cerebral vasoreactivity and early atherosclerosis in patients with severe OSAHS.

Methods Forty-one patients with severe OSAHS were enrolled. The mean follow-up time was 39.8 +9.1 months. Cardio-
vascular risk factors were assessed, and laboratory tests, carotid artery intima-media thickness (CIMT) measurement and
cerebrovascular reserve capacity (CRC) measurement were performed. After the baseline examination, 28 patients received
CPAP therapy (treated group), which was not available for 13 patients (untreated group). Parameters were compared before
and after treatment, between treated and untreated patients.

Results Cardiovascular risk factors, baseline polysomnographic parameters, laboratory values, CIMT and CRC of the two
groups were similar at baseline. At the follow-up, CRC did not differ between the two groups, but CIMT was significantly
lower in the treated group than in the untreated group (0.73+£0.11 mm vs. 0.84+0.21 mm, p=0.027). The CIMT of both
groups increased significantly during the follow-up period (from 0.65+0.11 mm to 0.73 +0.11 mm in the treated group, and
from 0.69 +0.11 mm to 0.84 +0.21 mm in the untreated group), but the increase in the treated group was smaller than in the
untreated group (0.09+0.09 mm vs. 0.15+0.15 mm).

Conclusion In patients with severe OSAHS, CPAP treatment significantly reduced the progression of CIMT.

Keywords Severe OSAHS - Carotid artery intima-media thickness - CPAP - Early atherosclerosis

Introduction [AHI]> 5/h) is estimated to be 14% of the world’s popula-

tion between the ages of 30 and 69 [1].

We spend almost one third of our lives sleeping, and sleep
disorders are very common. Sleep problems are a rapidly
growing area of interest due to their increasing prevalence
and social consequences. According to numerous epidemio-
logic studies, 30% of the population suffers from insomnia,
and the prevalence of sleep apnea (apnea-hypopnea index
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Obstructive sleep apnea-hypopnea syndrome (OSAHS)
is the most common sleep-related breathing disorder and is
caused by partial or total obstruction of the upper respira-
tory tract. The severity of the disease is determined by the
number of total apneic and hypopneic events per hour of
sleep (normal: AHI < 5/h) as determined by polysomnogra-
phy (in the present study the American Academy of Sleep
Medicine (AASM) 2012 criteria were used with at least 3%
desaturation for hypopnoe).

Sleep apnea has many short- and long-term effects on qual-
ity of life and health. Daytime sleepiness, fatigue, decreased
concentration and performance and impaired memory are
associated with work-related human error and motor vehicle
accidents. Approximately 20% of car accidents are due to
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driver fatigue caused by insufficient and inadequate sleep
[2]. Longer term, repeated episodes of cyclic hypercapnia,
hypoxemia, ventilatory effort and microarousals during
sleep are associated with abnormal inflammatory and ath-
erosclerosis-related factors (e.g. endothelin-1, NO) and lead
to proven objective clinical consequences, such as hyperten-
sion [3], insulin resistance [4], cardiovascular disease [5],
cardiac arrythmias and depression [6].

Carotid intima-media thickness (CIMT) is a widely used
ultrasound marker of early atherosclerosis and subclinical
organ damage. Measurement of CIMT is a noninvasive,
reproducible, cost-effective, easily implementable method
that is suitable for assessing the degree of progression of
atherosclerosis [7]. Thickening of the internal carotid wall is
a natural, dynamic, lifelong process. A cross-sectional study
estimated that the average increase in CIMT is approxi-
mately 0.01 mm/year [8]. However, multiple cardiovascu-
lar risk factors affect CIMT (e.g., hypertension, diabetes,
smoking, and high lipid levels), and patients suffering from
OSAHS without a history or risk factors for cardiovascular
disease have also been shown to have greater CIMT [9].

Cerebrovascular reactivity provides information about
vasodilatory properties of the cerebral microvessels. As a
result of hypoxia or hypercapnia, cerebral arterioles dilate,
thus increasing the cerebral blood flow. Changes in cerebral
blood flow in the area supplied by an artery can be assessed
by monitoring changes in cerebral artery flow velocity using
transcranial Doppler (TCD). Cerebrovascular reserve capac-
ity (CRC) is defined as the maximum percentage increase
in cerebral blood flow induced by a vasodilatory stimulus.
The most common method of measuring CRC is the breath-
holding test. Breath holding increases the partial pressure
of carbon dioxide, which is a potent vasodilator of cerebral
arterioles, but does not change or minimally changes the
diameter of large intracranial vessels [10]. Vasodilation in
the arterioles and cerebral microvessels results in a decrease
in vascular resistance and consequently increases the flow
and flow velocity in the large cerebral arteries including
the middle cerebral artery (MCA). Severely damaged CRC
(below 15%) has been shown to be a risk factor for stroke
[11]. In obstructive sleep apnea, CRC has been shown to be
reduced, i.e., the cerebral arterioles do not respond prop-
erly to various vasodilatory stimuli [12]. The reduced CRC
together with the sudden changes in blood pressure due to
sympathicotonia increases the cerebrovascular risk, because
cerebral resistance vessels with reduced vasodilatory capac-
ity are less able to adapt to the changing blood pressure [13].

Sleep apnea is a treatable disorder, and its first-line
therapy is the use of continuous positive airway pressure
(CPAP) device. Effective treatment prevents apnea and
hypopnea, normalizes the number of microarousals.
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Our study was conducted to determine whether CPAP
therapy for more than one year can positively influence
atherosclerosis and cerebral vasoreactivity in patients with
severe OSAHS.

Methods

The present study was conducted between April 14, 2011
and April 10, 2016 in the Sleep Laboratory of the Depart-
ment of Neurology (University of Debrecen), which is
accredited by the Hungarian Society for Sleep Medicine
and the European Sleep Research Society. Only patients
diagnosed with severe sleep apnea syndrome (OSAHS)
between the ages of 18 and 80 years were included after
providing signed informed consent. The clinical diagnosis
of OSAHS was made by polysomnography evaluated by a
qualified sleep physician (somnologist), and severe OSAHS
was determined if the total number of apnea and hypopnea
events per hour was at least 30 (AHI>30/h) in accordance
with the American Academy of Sleep Medicine (2012 cri-
teria, at least 3% desaturation for hypopnoe). Patients with
severe heart disease (severe chronic heart failure (more than
NYHA 1II) and significant valvular dysfunction), severe
renal or hepatic failure, malignancy, autoimmune or chronic
inflammatory disease were excluded.

Medical history, demographics, body mass index, and
cardiovascular risk factors were assessed, and a detailed
neurological physical examination, laboratory tests and
measurements of carotid intima-media thickness and cere-
brovascular reserve capacity were performed. CIMT was
analyzed offline.

On the day of the baseline examination, the enrolled
patients were not receiving CPAP therapy. After the baseline
examination, continuous positive airway pressure (CPAP)
was manually adjusted for each patient in the Sleep Labo-
ratory, but only 28 patients received CPAP treatment; for
financial reasons CPAP therapy was not available for 13
patients. After 27 to 59 months of follow-up, the baseline
examinations were repeated in the treated and untreated
groups.

The current study protocol was approved by the Regional
Institutional Research Ethics Committee of the University of
Debrecen, and informed consent was signed by all patients.

Polysomnography

Overnight, in-lab diagnostic polysomnography (Philips
Alice IIT and V) was performed by trained sleep technicians
certified in clinical electrophysiology. Continuous record-
ing of 4 EEG channels (EEG electrodes: F3-M2, C3-M2,
C4-M1, 0O2-M1), 2 EOG channels, 1 submental EMG
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channel, 1 ECG channel, and additional channels from the
nasal pressure/thermal flow sensor, pulse oximetry, thoracic
and abdominal impedance belt, position sensor, and micro-
phone provided real-time online data. Continuous super-
vision ensured the proper operation of the equipment and
reduced the possibility of errors and malfunctions. Sleep
stages and scoring were interpreted by a somnologist, and
the severity of OSAHS was defined by the apnea-hypopnea
index (mild: AHI: 5-14/h, moderate: AHI: 15-29/h, severe:
AHI >30/h) (according to AASM 2012 criteria).

On the day of the PSG, the patients completed a ques-
tionnaire on cardiovascular risk factors, such as hyperten-
sion, diabetes mellitus, hyperlipidemia, smoking, alcohol
consumption and history of cardiovascular events (myo-
cardial infarction, angina pectoris and stroke). Laboratory
tests were also performed on the same morning. Glucose,
hemoglobin Alc (HgAlc), CRP, white blood cell (WBC),
cholesterol (Chol) and high-density lipoprotein cholesterol
(HDL-C) levels were measured.

Measurement of carotid intima-media thickness

During CIMT measurement, patients were in the supine
position with the neck turned to the opposite side of the mea-
surement. Assessment was performed with a high-resolu-
tion ultrasound device (Philips HD11, Philips, Amsterdam,
The Netherlands), which included a 3-lead ECG system. On
B-mode images, longitudinal ultrasound images of the com-
mon carotid artery and carotid bifurcation were visualized
with a linear transducer (5,5-7,5 Mhz). Measurements were
taken on the far wall of the common carotid artery at least
10 mm far from its distal end, where the vessel was free
of atherosclerotic plaque and the lumen-intima and media-
adventitia boundaries were clearly visible. The average of
10 measurements taken offline on each side during the sys-
tolic phase provided the right and left intima-media thick-
ness values (mm). The mean CIMT value was calculated as
the mean of the left and right CIMT (mm) [14].

Cerebrovascular reserve capacity

The breath-hold test was used to assess the cerebrovascular
reserve capacity (CRC) in the MCAs on both sides. Patients
were placed in the supine position and breathed normally.
MCA flow velocity was assessed by transcranial Doppler
(Multidop T, DWL, Singen, Germany)) equipped with a
handheld 2 MHz pulse-wave probe. The measurement was
performed through the transtemporal window at a depth
of 50-55 mm. Before the breath-hold test, the MCA mean
blood flow velocity was monitored for 5 min during normal
breathing to obtain the baseline mean blood flow velocity
data (MBFVbefore). Then, after a normal inspiration, the

patients were asked to hold their breath for at least 30 s,
without performing the Valsalva maneuver. At the end
of the breath-holding period, the maximum value of the
middle cerebral artery MBFV (MBFVmax) was recorded.
The breath-holding index was calculated as the ratio of the
percentage change in velocity to the duration of the breath-
holding (time): [(MBFVmax — MBFVbefore)/time] x 100
[15].

Laboratory tests, CIMT and CRC measurements were
performed at baseline and at the end of an average follow-
up of 39 months. The parameters of treated (n=28) and
untreated patients (n=13) were compared, as well as the
parameters of treated patients before and after CPAP treat-
ment (n=28).

Statistical analysis

SPSS software was used for the statistical analysis. In addi-
tion to descriptive statistics, the Pearson y2 test was used for
categorical variables. After testing for normal distribution,
paired t-tests were used to compare data before and after
CPAP treatment, and unpaired t-tests were used to com-
pare data from the treated and untreated groups. A value of
p<0.05 was considered significant.

Results

We performed a follow-up study of forty-one patients with
severe OSAHS (mean AHI: 60.5/h+16.1; mean desatura-
tion index [DI]: 45.8/h+23.4; mean age 53.9 +10.2 years).
The mean follow-up time was 39.8 +9.1 months.

The mean age, risk factors, baseline PSG parameters,
BMI, laboratory values, CIMT and CRC and the follow-
up time of the treated and untreated groups were similar
[Table 1].

PSG values (AHI, DI) were significantly better after
CPAP treatment in the treated group than in the untreated
group, indicating that the CPAP setting was appropriate
[Table 2].

At the follow-up, BMI, laboratory values, and CRC
did not differ between the treated and untreated groups
[Table 3], but CIMT was significantly lower in the treated
group than in the untreated group [Table 3; Fig. 1.]. The
duration of follow-up periods in the treated and untreated
groups was similar.

CIMT increased significantly in both the treated and
untreated groups during the follow-up period (from
0.64+0.11 mm to 0.73+0.11 mm in the treated group,
p<0.001, and from 0.69+0.11 mm to 0.84+0.21 mm in
the untreated group, p=0.004), but the increase in CIMT
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Table 1 Baseline characteristics of patients at enrollment
Untreated (n=13) Treated(n=28) p value

Age, years 57.54+9.17 52.29+10.34 0.125
Sex (male), n 10 (77%) 25 (89.3%) 0.297
Smoking, n 3 (23%) 12 (43%) 0.221
Hypertension, n 9 (69%) 23 (82%) 0.352
AHI, events/h 56.67+15.19 6230+1643 0302
BMI, kg/m? 36.04+5.65 37.20+6.70 0.594
Average CIMT, mm  0.69+0.11 0.65+0.11 0.216
CRC, % 51.76 +14.58 45.61+14.11 0.263
glucose, (mmol/1) 6.31+0.86 6.50+2.18 0.762
HgAIC (%) 6.12+0.79 6.33+0.98 0.505
CRP (mg/1) 3.97+2.99 6.07+5.18 0.183
Chol (mmol/l) 5.22+1.01 5.09+1.02 0.687
HDL-C (mmol/1) 1.27+0.32 1.14+0.31 0.221

AHI, apnea-hypopnea index; BMI, body mass index; CIMT, carotid
intima-media thickness; CRC, cerebrovascular reserve capacity;
HgAI1C, glycated hemoglobin; CRP, C-reactive protein; Chol, total
cholesterol; HDL-C, high-density lipoprotein

Table 2 PSG values at follow-up examination

Untreated (n=13)  Treated (n=28) p value
AHI, events/h  48.22+15.88 1.97+£191 p<0.001
DI, events/h 25.65+10.47 1.62+1.36 p<0.001

DI, desaturation index

Table 3 Characteristics of the patients at the end of the follow-up
period

Untreated Treated p

(n=13) (n=28) value
BMI, kg/m? 36.08+5.65 36.62+7.32 0817
Average CIMT, mm 0.84+0.21 0.73+0.11 0.027
CRC, % 39.95+14.22 473+15.78 0.195
glucose, (mmol/l) 6.22+0.93 6.03+1.17 0.615
HgAI1C (%) 6.15+0.72 6.09+0.98 0.825
CRP (mg/l) 4.46+2.7 512+£7.52  0.762
Chol (mmol/1) 5.44+091 5.16+1.04 0.415
HDL-C (mmol/l) 1.24+0.42 1.13+0.27 0.351
Follow-up time (month)  40.92+9.65 39.36+9.06 0.617

was less in the treated group than in the untreated group
(0.09+0.09 mm vs. 0.15+0.15 mm; p=0.101) (Fig. 2).

Discussion

In recent years, increasing attention has been paid to
understanding the background of cardiovascular events
and better assessing the relationship between OSAHS and
cerebrovascular and cardiovascular disease. OSAHS is a
non-invasively diagnosed, easily treatable and common car-
diovascular risk factor.

It is well known that about 50% of patients with OSAHS
have hypertension, and it has been shown that almost 30%
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of patients with hypertension have OSAHS. One of the
possible reasons for the association between OSAHS and
hypertension is the apnea-induced hypoxia, which leads
to nocturnal hypertension through sympathetic activation.
The oxidative stress, systemic inflammation and endothe-
lial dysfunction observed in OSAHS may also contribute to
the development of hypertension [4]. Positive airway pres-
sure therapy is known to reduce the sympathetic activity,
leading to decrease in blood pressure. According to scien-
tific reports, adequate CPAP treatment in OSAHS patients
reduced systolic blood pressure by 3 mmHg and diastolic
blood pressure by 2 mmHg [16].

In OSAHS patients, hypoxia was reported to be associ-
ated not only with increased blood pressure, but also with
elevated serum catecholamine levels, metabolic dysregu-
lation and pancreatic beta-cell dysfunction, resulting in
reduced insulin resistance [17]. In addition to hyperten-
sion, well-adjusted CPAP treatment also improved meta-
bolic parameters, including triglyceride, cholesterol and
HgAlc levels [18, 19]. These data demonstrated that prop-
erly adjusted positive airway pressure therapy in OSAHS
patients had a beneficial effect on most conventional vascu-
lar risk factors, including hypertension, hyperlipidemia and
diabetes mellitus.

Consistent with literature data, hypertension and diabetes
mellitus were more common in patients with severe OSAHS
in the present study (hypertension 78.05%, diabetes mellitus
21.95%) than in the average Hungarian population (hyper-
tension 32%, diabetes mellitus 14%) [20].

Bessler et al. found that repeated hypoxia and hyper-
capnia in patients with sleep apnea syndrome caused an
increased levels of inflammatory markers such as C-reactive
protein (CRP), tumor necrosis factor (TNF-a)) and interleu-
kin-6 (IL- 6) through the oxidative stress [21]. Although the
CRP level in our patients was at the upper limit of the refer-
ence value, there was no significant difference between the
CRP measured at baseline and after CPAP therapy.

One of the long-term consequences of OSAHS is the
increased cardiovascular risk. Therefore, CIMT measure-
ment, which can be used to detect early atherosclerosis,
is extremely important in OSAHS patients. Investigation
of CIMT and serum levels of inflammatory markers in 36
patients with OSAHS and 16 obese control subjects [22]
showed significantly larger CIMT, serum CRP, interleu-
kin-6 and interleukin-8 levels in the OSAHS group com-
pared with the obese control group. CIMT was significantly
correlated with the serum levels of CRP, interleukin-6, and
interleukin-8, as well as with the duration of hypoxia and the
severity of OSAHS. Another previous study also reported
that CIMT was greater in patients with obstructive sleep
apnea than in healthy controls, and the presence of athero-
sclerotic plaques and stenosis of the common carotid artery
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Fig. 1 Comparison of the CIMT
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was more prevalent in OSAHS patients than in the con-
trols [23]. These results support that hypoxia and systemic
inflammation associated with OSAHS promote the progres-
sion of atherosclerosis and that OSAHS has a direct effect
on the development of early atherosclerosis, increasing
the cardiovascular and cerebrovascular morbidity in these
patients. Several studies have demonstrated that OSAHS is

> Baseline
# Follow-up

p=0.027

-

%

Untreated

Untreated

an independent risk factor for CIMT, which has been shown
to be a suitable marker for monitoring and determining the
severity of early atherosclerosis in OSAHS patients [24].
To the best of our knowledge, only few studies with
1-year follow-up have investigated the effect of CPAP treat-
ment on CIMT in OSAHS patients, and the results are con-
flicting. A meta-analysis showed that CPAP had no effect
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on CIMT in OSAHS patients, although CIMT was signifi-
cantly reduced after CPAP therapy in more severe OSAHS
patients and those with longer CPAP use [25]. Contrary to
this meta-analysis, a prospective cohort study with a one-
year follow-up showed that CIMT decreased significantly
in OSAHS patients treated with CPAP, but increased in
patients receiving conservative medical therapy without
CPAP treatment [26]. Subsequent studies demonstrated an
association between OSAHS severity and CIMT [26 27],
as well as between AHI and CIMT [28]. After 6 months of
CPAP treatment, CIMT decreased in both studies [27, 28].
According to our study, the increase of CIMT was signifi-
cantly slower in patients using CPAP, suggesting that CPAP
reduces the progression of early atherosclerosis in OSAHS
patients.

In view of the fact that a previous study has confirmed
reduced cerebrovascular reserve capacity in patients with
OSAHS [29], we performed CRC measurements in all
patients in addition to CIMT measurements. The CRC did
not change significantly in our study, but it did not progress
either. Placidi et al. suggested that cerebrovascular chemo-
receptors in patients with obstructive sleep apnea syndrome
become hyposensitive due to the stress caused by continu-
ous nocturnal hypercapnia. In contrast to our results, Piraino
et al. found that the BHI increased after CPAP therapy in
moderate to severe OSAHS patients [30], suggesting that
long-term CPAP treatment may improve the cerebral vas-
cular regulation and reduce the risk of ischemic stroke in
patients with obstructive sleep apnea syndrome.

The present study has several notable strengths. The fol-
low-up time was more than 3 years, and we were able to
enroll and follow untreated patients with severe OSAHS.
However, there are some limitations that need to be consid-
ered. First, the sample size was relatively small, although the
effect of CPAP treatment on CIMT was still demonstrated.
In the future, a larger sample size is needed to better under-
stand the effect of CPAP treatment on cerebrovascular risk
factors. Second, the poor financial situation in the untreated
group may be related to worse health outcomes which may
also affect CIMT. However, there were no significant dif-
ferences in the cardiovascular parameters and risk factors
between the two groups except for CIMT and PSG param-
eters at follow-up.

Conclusions

CPAP treatment significantly slowed the progression of
CIMT in patients with severe OSAHS, but no significant
changes in cerebrovascular reserve capacity were found after
long-term CPAP treatment. These data suggest that CPAP
therapy reduces the progression of early atherosclerosis in

@ Springer

patients with sleep apnea syndrome and may thus contribute
to stroke prevention.
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