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Abstract

Background: Obstructive sleep apnoea (OSA) is an inde-
pendent risk factor of hypertension and cardiovascular 
diseases. Recurrent episodes of upper airways collapse 
during sleep causing blood oxygen desaturation, hyper-
capnia, and micro-arousals, are known to activate the 
sympathetic nervous system (SNS). However, whether 
changes in the renin-angiotensin-aldosterone system and 
endothelial activation also occur remains contentious.
Methods: Based on routine use of drug-induced sleep 
endoscopy (DISE) for the work-up of OSA patients in our 
centre, we designed a prospective study to investigate the 
haemodynamic and humoral changes occurring during 
the apnoeic episodes reproduced in vivo in the course of 
DISE. Specifically, plasma aldosterone concentration and 
renin activity, C-terminal fragment of proendothelin-1, 
as a marker of endothelial damage, and free plasma cat-
echolamines, will be measured at fixed times during DISE. 
The activity of catechol-O-methyltransferase (COMT), a 
key catecholamine-inactivating enzyme that has been 
scantly investigated thus far owing to the lack of commer-
cially available kits, will be also determined by a newly 

developed high performance liquid chromatography 
method, which is herein described.
Results and conclusions: The aim of this study is to pro-
vide novel information on the haemodynamic, hormonal, 
and SNS changes, and also on COMT activity modification 
concomitantly occurring during apnoea, thus contributing 
substantively to the understanding of the pathophysio-
logy of OSA.

Keywords: catechol-O-methyltransferase; drug-induced 
sleep endoscopy; endothelin-1; obstructive sleep apnoea; 
renin-angiotensin-aldosterone system; sympathetic 
nervous system.

Introduction
Obstructive sleep apnoea (OSA) involves up to 13% of men 
and 6% of women, with prevalence on the rise owing to 
the ongoing epidemics of obesity [1–3]. In OSA patients 
recurrent episodes of total (apnoea) or partial (hypopnea) 
collapse of the upper airways, for at least 10 s, occurring 
during sleep, are associated with blood oxygen desatura-
tion, hypercapnia, and, consequently, with arousals from 
sleep to re-establish airway patency and normal respira-
tion [4]. The latest European Societies of Cardiology and of 
Hypertension (ESC/ESH) [5] and the American Heart Asso-
ciation (AHA) [6] guidelines for arterial hypertension have 
finally recognized OSA as one of the most frequent forms 
of secondary and/or resistant hypertension, as well as an 
independent and modifiable risk factor for cardiovascular 
and metabolic complications [2, 7, 8].

There are complex mechanisms involving multiple 
systems underlying the association of OSA with cardiovas-
cular and metabolic disorders [2], among which the most 
important comprise the  renin-angiotensin-aldosterone 
system (RAAS) [9], endothelial [10], and sympatho- 
adrenergic activation [11, 12].

The role of catechol-O-methyltransferase (COMT), the 
main intracellular enzyme inactivating catecholamines 
(dopamine, epinephrine, and norepinephrine), but also 
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other compounds bearing the catechol structure [13], is 
totally unknown in this context. Although the O-methyl-
ation of norepinephrine and epinephrine to their inactive 
products normetanephrine and metanephrine, respec-
tively, is a major mechanism terminating the action of 
these sympathetic nervous system (SNS) mediators in dif-
ferent tissues [13], the role of COMT in the development 
of arterial hypertension in OSA subjects is unknown, as 
is the role of intermittent hypoxia, one of the main fea-
tures of OSA, as a modulator of COMT activity. It is worth 
considering that COMT is widely present in human and 
animal tissues (i.e. central and peripheral nervous system, 
spleen, pancreatic cells, uterus, mammary glands, pros-
tate, and chromaffin cells of adrenal glands [14, 15]), with 
the highest quantity and activity, mRNA and protein dis-
tribution in the human liver hepatocytes and rat kidneys 
[14, 16], but with detectable expression also in red blood 
cells (RBCs) [17] and intestinal macrophages [18], where 
it is linked to the membrane. Hence, it is plausible that 
changes in arterial oxygen pressure and in haemoglobin 
oxygenation might influence COMT activity in the eryth-
rocytes, and therefore, the circulating catecholamines 
metabolism.

Understanding the role of these substances and 
 mechanisms has been hampered thus far by the impos-
sibility of drawing blood without waking up the OSA 

patient. Of note, in ours as in other centres drug-induced 
sleep endoscopy (DISE) has become a routine test in the 
diagnostic work-up of OSA patients as it can allow pre-
cisely determining the site and severity of the airway 
obstruction and to plan treatment strategies [19, 20]. Fur-
thermore, it allows the collecting of venous and arterial 
blood samples during different phases of the test, includ-
ing apnoeic episodes in sleeping patients, and to correlate 
these biomarkers with the haemodynamic parameters, 
such as blood pressure (BP), heart rate (HR), and periph-
eral blood oxygen saturation.

Therefore, we set up a study to clarify the pathophysio-
logy of OSA, to answer the following questions: (i) is there, 
during the apnoeic episodes, an increase of RAAS activa-
tion, adrenergic tone, and endothelial damage? (ii) Does 
intermittent hypoxia affect COMT activity and thereby 
lead to activation of the SNS?

Materials and methods
This is a single-centre, prospective, cohort study, in which we will 
enroll patients referred to our ESH Excellence Hypertension Centre, 
Department of Medicine, and to Otolaryngology Unit, Department of 
Neurosciences, University of Padua. The study flow-chart is summa-
rised in Figure 1.

OSA confirmed (AHI ≥5 events per hour)

Full-night diagnostic
cardiorespiratory
sleep monitoring

Informed consent

Patients with signs and
symptoms suggesting OSA

Identification of enrolling patients
(both of sex, aged ≥18 years)

OSA confirmation
Exclusion of central sleep
apnoea (>5% of central

episodes)

Baseline clinical ambulatory
and otolaryngology

evaluation + 24-h ABPM

DISE

Figure 1: Flow-chart of the study.
OSA, obstructive sleep apnoea; AHI, apnoea/hypopnea index; 24-h ABPM, 24-h ambulatory blood pressure monitoring; DISE, drug-induced 
sleep endoscopy.
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Ethical statement

The study-protocol was approved by the Ethical Committee and the 
Institutional Review Board of University of Padova (protocol number 
3217/AO/14). All procedures performed in studies involving human 
participants are in accordance with the ethical standards of the 
institutional and/or national research committee and with the 1964 
Helsinki Declaration and its later amendments or comparable ethi-
cal standards. Informed consent will be obtained from all individual 
participants included in the study.

Inclusion criteria

 – Symptoms and/or signs suggestive of OSA [21, 22], with indica-
tions to DISE to investigate the site of obstruction [19]:
(i) overweight and obesity (body mass index [BMI] >25 kg/m2);
(ii) neck circumference (>43 cm in men and >41 cm in women);
(iii) night-time symptoms (e.g. snoring, apnoeic episodes doc-

umented by the partner, nocturnal chocking, dry mouth) 
and/or daytime symptoms (e.g. excessive daytime sleepi-
ness, impaired concentration, morning headaches, loss of 
memory);

 – A full-night diagnostic cardiorespiratory sleep monitoring 
demonstrating apnoea/hypopnea index (AHI) ≥5 per h during 
sleep [23].

Exclusion criteria

 – Craniofacial dysmorphisms and oropharyngeal abnormalities 
(e.g. micrognathia, retrognathia, macroglossia, mandibular 
hypoplasia);

 – secondary forms of hypertension (e.g. primary aldosteronism 
[24], renovascular disease, pheochromocytoma [25], Cushing’s 
syndrome [26]);

 – acromegaly;
 – acute kidney injury and chronic kidney diseases with estimated 

glomerular filtration rate (eGFR) CKD-EPI <60 mL/min/1.73 m2 
[27];

 – treatment with beta-blockers and other drugs interfering with 
the SNS;

 – type I and II diabetes mellitus;
 – pregnancy;
 – life expectancy <2 years;
 – haemodynamic instability severe enough to require IV positive 

inotropic agents;
 – comorbidity conditions limiting the execution of DISE;
 – acute coronary syndromes within 4 weeks;
 – unwillingness or inability to complete follow-up;
 – patients with any serious medical condition, which in the opin-

ion of the investigators, may adversely affect the safety of the 
participant;

 – known history of unresolved drug use or alcohol dependency;
 – current enrolment in another investigational drug or device 

trial.

All subjects enrolled in the study will undergo a full medical assess-
ment, where past medical history and current medications will 
be recorded. Also, physical examinations will be performed and 

anthropometric data will be collected. Excessive daytime sleepiness 
will be evaluated through the Epworth Sleepiness Scale (ESS) [28]. 
The patients will be then screened to exclude a secondary hyperten-
sion diagnosis by measuring concentration of plasma aldosterone 
(PAC) and by a direct renin (DRC) chemiluminescent assay after an 
appropriate wash-out [24], and urinary 24-h catecholamines and 
metanephrines. Moreover, patients will undergo a renal artery and 
adrenal computed tomography scan and/or renal arteries computed 
tomography angiography, whenever appropriate.

All patients will be selected for DISE based on demonstration of 
OSA by means of cardio-respiratory monitoring (also defined “pol-
ygraphy study”) and will undergo a 24-h ambulatory blood pressure 
monitoring (24-h ambulatory blood pressure monitoring [ABPM]).

Obstructive sleep apnoea screening

The full-night diagnostic cardiorespiratory sleep monitoring will be 
performed at home with portable devices using an Embletta® X 100 
(Rembla, Natus, Pleasanton, CA, USA), which was previously vali-
dated for patients with suspected OSA [29]. Measurements obtained 
include nasal pressure, airflow by thermistor, respiratory effort by 
impedance plethysmography, sonography, and finger pulse-oxime-
try. The Embletta devices will be programmed to automatically begin 
recording at 22:00 and stop at 07:00. Based on sleep logs and out of 
centre sleep testing actigraphy (an intrinsic component of the Emb-
letta system), the scoring technologist will modify the analysis start 
time and end time, resulting in a total registration time that approxi-
mates the total sleep time, as closely as possible. Respiratory events 
(apnoea and hypopnea) will be scored according to the American 
Academy of Sleep Medicine Scoring Manual [23]. Apnoea is defined 
as a cessation (≥90%) in airflow of at least 10 s; hypopnea as a reduc-
tion in the amplitude of airflow ≥30% for at least 10 s, followed by a 
decrease in oxygen saturation of ≥3%. The AHI will be calculated as 
the total number of apnoeas plus hypopneas divided by the hours of 
sleep. OSA is defined as an AHI of at least 5 per h [23]. Patients with 
significant central sleep apnoea (>5% of events) will be excluded.

24-h ambulatory blood pressure monitoring

24-h ABPM will be performed using available BP monitoring record-
ing device, the Spacelabs 90207 (SpaceLabs, Snoqualmi, WA, USA) 
[30]. The between-measurement intervals will be 15  min (daytime) 
and 20 min (night-time). During each recording, subjects are required 
to attend their usual daily activities, but to refrain from unusual 
physical exercise or behavioural challenges. Patients are also asked 
to report their main activities in a diary, including the time of meals, 
bed rest or sleep and awakening times. Only recordings rated of suf-
ficient quality, i.e. including at least 70% of valid readings over the 
24 h and at least two valid readings per hour during daytime and one 
valid reading per hour during night-time, will be considered for the 
final analysis. Day and night periods will be defined and corrected 
according to what will be reported by the patient in the diary. The 
average daytime period will be finally identified as the interval from 
08:00 h to 23:00 h and the night period as the interval from 23:00 h 
to 08:00 h.

All data will be acquired and analysed according to the current 
recommendations [31] to obtain: the average 24-h, day and night 
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systolic (SBP) and diastolic (DBP) blood pressure. The degree of noc-
turnal BP fall and the standard deviations (SDs) of the mean of all 
individual readings over the different time periods will be also con-
sidered. Based on the degree of nocturnal BP fall, subjects are clas-
sified as dippers (BP fall ≥10% and <20% of daytime average BP) or 
non-dippers (fall <10%), separately for SBP and for DBP. Nocturnal 
BP fall ≥20% and <0% identifies “extreme” dipper and “reverse dip-
per” subjects.

Drug-induced sleep endoscopy

DISE is currently used at our institution as a routine diagnostic test 
in patients with OSA to reproduce a condition of non-rapid eye move-
ments sleep, during which examining the pharyngeal structures, 
recognising the exact site of upper airway obstruction [20], and iden-
tifying patients that would benefit from surgery [19]. The whole pro-
cedure is executed according to the current guidelines [19]. Briefly, it 
is performed in a semi-dark and silent operating room, by an expe-
rienced otolaryngologist with the patient lying supine. Drug-induced 
sleep is achieved with intravenous administration of propofol [32], 
with a target-controlled infusion rate after an initial loading dose. 
The electrocardiogram, BP, and peripheral oxygen saturation are con-
tinuously monitored by both the surgeon and the anaesthesiologist.  
A flexible endoscope is used to sequentially observe the nasal cavity, 
nasopharynx, velum, oropharynx, tongue base, and epiglottis.

During DISE, blood tests will be performed as illustrated in 
 Figure  2. Specifically, we will collect the first blood sample (T-1) 
before sedation; after propofol infusion via e.v. (T0) we will proceed 
with the second one. The third blood sample (T1) will be obtained 
at the occurrence of the first obstructive apnoea, immediately after 
10  s of upper airway occlusion as determined by the otolaryngolo-
gist; the upper airway is then kept patent through a mandibular 
protrusion manoeuvre. Then T2, T3, and T4 will be collected at 30 s, 
2 min, and 5 min with the patient breathing normally in the absence 
of any other upper airway obstruction. Oxygen saturation (including 
minimum oxygen saturation after the first apnoea), HR, and BP will 
be recorded throughout the procedure. The last sample (T5) will be 
obtained 15 min after the apnoea.

Blood samples will be obtained using a syringe through a previ-
ously placed intravenous line and stored in Vacutainers containing 
ethylenediaminetetraacetic acid (EDTA). Samples will be centrifuged 

(4 °C, 2500 rpm, 15 min). The RBCs (400 μL) obtained, within 1 h will 
be transferred in a 1.5  mL tube, containing 200 μL of RIPA buffer 
(25 mM Tris HCl pH 7.6, 150 mM NaCl, 1% Triton X-100, 1% sodium 
deoxycholate, 0.1% SDS and protease inhibitors) and centrifuged 
briefly. When lysis is complete, the tubes will be left on ice and even-
tually stored at −80 °C.

For each sample we will perform an analysis of PAC and DRC, 
plasma catecholamines, COMT activity on RBCs, and plasma C-termi-
nal fraction of pro endothelin-1 (CT-pro ET-1), in our laboratory.

Assessment of renin-angiotensin-aldosterone system

In each blood sample we will measure PAC and DRC, using a vali-
dated dual aldosterone and direct active renin concentration chemi-
luminescent commercially available assay in an automated analyser 
(Aldo LIAISON® MOME; DRC LIAISON® MOME; DiaSorin, Saluggia, 
Italy). Measurements will be performed on a LIAISON XL Analyser 
[33]. The elevation of renin is defined as a level >33.5 mU/L and that of 
aldosterone as >0.45 nmol/L. The elevation of aldosterone-renin ratio 
(ARR) is defined >2.06 nmol/dL/mUI/L.

Endothelial function

The endothelial cell-derived vasoconstrictor ET-1, a 21-amino acid pep-
tide, the most abundant member of the endothelins family, is secreted 
abluminally by about 80%. It acts in an autocrine and/or paracrine 
manner by binding to ETA receptors on the underlying smooth muscle 
cells, including those of the pulmonary circulation, where it causes 
potent vasoconstriction [34, 35]. The promoter region of the prepro 
(PP)-ET-1 gene is known to harbour hypoxia-responsive elements, 
mediating enhanced PP-ET-1 mRNA transcription, and, thereby, 
ET-1 synthesis in response to hypoxia [35, 36]. Hence, ET-1 is held to 
play a major role in pulmonary arterial hypertension and, accordingly, 
ET-1 receptor antagonists have become a milestone in the treatment of 
pulmonary arterial hypertension [37]. Thus far, the assessment of ET-1 
activation in OSA has been hampered not only by its abluminal secre-
tion but, even more so, by its very short (1–2 min) plasma half-life, its 
immediate clearance through ETB receptor binding and cleavage by 
neutral endopeptidases. Therefore, as estimation of ET-1 release from 

T-1 before DISE

T0 after sedation

T1 after first apnoea

T2 30 seconds after first apnoea

T3 2 minutes after first apnoea

T4 5 minutes after first apnoea

T5 15 minutes post DISE

Propofol mg/kg e.v.

Mandibular protusion

Drug-induced sleep endoscopy

Figure 2: Timing of blood tests that will be performed before, during, and after drug-induced sleep endoscopy (DISE).
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endothelial cells is held to be extremely challenging, in this study we 
will measure the C-terminal fragment of proET-1 (CT-proET-1), which 
represents a better proxy for ET-1 biosynthesis as it is more stable than 
mature ET-1 and is not subject to rapid turnover [36].

Plasma catecholamines and catechol-O-methyl-trans-
ferase activity

The plasma levels of epinephrine and norepinephrine will be deter-
mined by high-pressure liquid chromatography (HPLC) assay cou-
pled with electrochemical detection using Chromsystems 5000® kit 
(Chromsystems Instruments & Chemicals, Germany).

Given the lack of commercial kits to measure COMT activity, we 
developed a HPLC with an electrochemical detection (ECD) method 
for estimating COMT activity using 3,4-dihydroxybenzylamine 
(DHBA), a catecholamine analogue [38], as a substrate, and measur-
ing its products (vanillic and isovanillic acids) in the supernatant. 
The chromatographic system consists of a solvent delivery system 
CLC300 (Chromsystems), a programmable autosampler CLC200 
(Chromsystems) and an ECD CLC100 (Chromsystems). A Discovery® 
C18 HPLC column (15 cm × 4.6 mm, 5 μm, SUPELCO) at 25 °C was used 
as an analytical column. A glassy carbon working electrode was set 
at 0.90 vs. an Ag/AgCl reference electrode with a sensitivity set at  
20 nA. The mobile phase consisted of the buffer disodium hydrogen 
phosphate (0.1 M) and EDTA (0.15 mM) methanol (80:20, v/v), the pH 
was adjusted to 3.2 with phosphoric acid. The flow rate was 0.8 mL/min.  
The injection volume of the standard solution and the supernatant 
was set at 20 μL. COMT activity was expressed as pmol of vanillic 
acid/min/mg protein. Protein measurement was performed using a 
Quantum Protein kit (Euroclone, Milan, Italy), which is a formulation 
based on bicinchoninic acid (BCA) allowing a rapid identification of 
protein content.

This method will be applied to measure COMT activity in RBCs 
and macrophages isolated from each sample collected during DISE. 
A set of preliminary experiments performed in blood samples from 
healthy donors showed the feasibility of this approach.

In more detail, we prepared a buffer solution (400 μL) con-
taining: (i) phosphate buffer preparation (pH 7.4 250  mM) to keep 
pH levels within the normal range in order for the enzyme to 
remain active, (ii) MgCl2 6.25 mM as a catalyst of electron exchange,  
(iii)  s-adenosylmethionine (2.5 mM) as a methyl group donor, (iv) and 
DHBA 0.5 mM as a substrate. The enzyme reaction was started by add-
ing 200 μL of the RBCs lysis solution to the buffer solution and incu-
bated for 45 min at 37 °C. Tubes were then placed on ice and HClO4 
4 M (150 μL) was added to obtain protein precipitation. Tubes were 
centrifuged at 10,000 rpm (8,000 × g) for 15 min at 4 °C and supernatant 
was collected and transferred to new 1.5 mL tubes and stored at −80 °C  
for further quantification of vanillic acid by the HPLC method.

The intra- and inter-assay precisions were determined using the 
coefficient of variation (CV, %), and the intra- and inter-assay accu-
racies were expressed as the percent difference between the meas-
ured concentration and the nominal concentration. The intra-assay 
CV was evaluated by performing 10 tests on samples containing two 
different substrate concentrations (DHBA at 0.50 and 0.02 mM). The 
vanillic acid CV values were 5.9% and 9.3% for DHBA concentrations 
of 0.50 mM and 0.02 mM, respectively; for isovanillic acid they were 
7.5% and 12.9% for the same substrate concentrations. The assess-
ment of reproducibility (inter-assay CV) was carried out, as for repeat-
ability, through 10 determinations of two samples containing two 

different concentrations of substrate (DHBA at 0.50 and 0.02  mM); 
the vanillic acid CV were 7.5% and 9.7% for concentrations of DHBA 
of 0.50 mM and 0.02 mM, respectively, for isovanillic acid CV 1.7% 
and 13.6% at the same substrate concentrations.

Six standard solutions (at concentrations of 0.05, 0.10, 0.20, 
0.50, 1.00, 2.00 μM) were used to perform the analysis of linearity 
of the standard calibration curve. The determination of the limit of 
quantitation, evaluated experimentally, allowed to demonstrate that 
for concentration of 0.10 μM a signal corresponding to 10 times the 
standard deviation of the signal-to-noise was obtained.

Power calculation and statistical analysis

We calculated the sample size required for this study by considering 
two experimental end-points, i.e. PAC and COMT activity. Consider-
ing a 20% change in either parameter as biologically relevant, and 
a two-sided 0.05 significance level, a total of 36 patients warranted 
a 90% power of detecting a 20% change of both end-point variables 
occurring after the first apnoea during DISE, as compared to PAC 
before the procedure if the true mean after logarithmic transforma-
tion is 5.75, based on the assumption that the within-patient standard 
deviation of the mean PAC value is 1.5 (paired t-test).

Data will be tested for Gaussian distribution with the Kol-
mogorov-Smirnov test. If required, a Gaussian distribution will be 
achieved by log or square root transformation of skewed variables. 
Comparison of quantitative variables across different time points will 
be carried out by a one-way within-subject ANOVA followed by Bon-
ferroni’s post-hoc test. Data will be reported as mean and standard 
deviation (SD) or median plus interquartile range (IQR) if not nor-
mally distributed. Statistical significance will be defined as p < 0.05. 
SPSS™ version 22.0 for Mac (IBM, USA) and GraphPad Prism soft-
ware™ (version 8.0 for Mac, GraphPad Software Inc., San Diego, CA, 
USA) will be used for all analysis.

Results

Preliminary results

We have explored the feasibility of measuring COMT activ-
ity in RBCs and macrophages of a healthy subject (age 
24  years old, BMI 25.1 kg/m2) during in vitro exposure 
to hypoxia. Moreover, in order to understand whether 
propofol could exert an inhibiting or stimulating effect on 
COMT activity, we measured this latter in RBCs and mac-
rophages, from the same donor, incubated with propofol 
itself.

We used a hypoxia incubator chamber (with an inter-
nal atmosphere consisting of 4% O2, 6% CO2, and 90% 
N2), in which we incubated a culture medium RPMI 1640 
diluted with phosphate buffered saline (PBS) for 1 night. 
The day after, 500 μL of RBCs were placed into a dish 
and then introduced into the hypoxia chamber where 
they were diluted with 1 mL of PBS. After 2, 5, 15, 30 and 
60  min of incubation, the RBCs were centrifuged, lysed, 
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and stored at −80 °C. The same experiment was conducted 
on macrophages. COMT activity was measured with HPLC 
with ECD, as described in the Methods section.

The results showed that in both RBCs and mac-
rophages the enzymatic activity significantly increased 
after 30 and 60 min of hypoxic incubation, as shown in 
Figure 3, panels A and B. On the contrary, the RBCs incu-
bation at 37 °C with propofol (1 mmol) did not induce any 
detectable change of activity after 5, 10 min and 1 h (data 
not shown).

Discussion
OSA is a worldwide health problem and, when moder-
ate-to-severe (AHI ≥15 events/h), entails a potentially 
fatal disease associated not only with increased risk of 
cardiovascular and metabolic diseases [2, 3], but also 
with motor vehicle accidents due to excessive sleepiness 
and impaired concentration [39]. Among the pathogenic 
mechanisms underlying the association between OSA 
and cardiovascular and metabolic diseases, activation 
of the RAAS, the SNS, and the endothelin-1 system play 
a key role [2]. Of note, ET-1 has been reported to deeply 
interact with the RAAS at multiple levels [40] and to 
contribute substantively to angiotensin II-inducing car-
diovascular and renal damage [41–43]. However, in the 
pathogenesis of arterial hypertension and cardiovascular 
morbidity in OSA patients, the role of COMT, the main 
peripheral enzyme involved in the SNS modulation and 
catecholamines catabolism, has not been clarified. Espe-
cially, it has been not verified whether its activity might 
be modulated by the increased plasma catecholamine 
levels and/or directly by the lower oxygenation of periph-
eral tissues, including red blood cells and macrophages 

(as was highlighted by our preliminary results), which 
occurs during apnoea.

Nonetheless, the precise mechanisms whereby these 
systems contribute to the development of hypertension 
and cardiometabolic complications in OSA remain some-
what contentious, mainly because of the impossibility of 
undertaking their measurements during apnoea without 
waking the patient and triggering a stress reaction. It is 
likely that this bias might have affected previous studies, 
aimed at clarifying the pathophysiology of cardiovascular 
damage in spontaneously occurring OSA [8, 40].

Our study is, therefore, novel and provides the oppor-
tunity to concomitantly assess in humans in vivo, in the 
laboratory under standardized conditions, the haemo-
dynamic and blood gas changes, alongside variations of 
several key molecules that are putatively involved in OSA 
during apnoea. In fact, DISE mimics the non-rapid eye 
movements sleep phase through the administration of 
sedatives [19] and provides an opportunity for collecting 
blood samples, without waking patients and inducing a 
sudden alert reaction and sympathetic activation.

Hence, the hypothesis that, during apnoea in vivo 
there is an activation of the renin-angiotensin-aldosterone 
system, endothelial, and SNS secondary to hypoxia, can 
be confirmed or challenged by this protocol. Moreover, 
this study is the first to assess the changes in COMT activ-
ity and, therefore, to determine if it plays a role in modu-
lating cardiovascular and metabolic risk in obstructive 
sleep apnoea patients.

Author contributions: All the authors have accepted 
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Figure 3: Catechol-O-methyl transferase (COMT) activity in red blood cells (A) and macrophages (B) after hypoxic incubation.
To evaluate the effect of hypoxia on COMT activity we measured this latter in red blood cells and macrophages from healty human donor. The 
bar graphs show as in both cell types after 30 and 60 min of hypoxia (4% of O2) COMT activity was significantly high compared to the first 
minutes of experiment. *p < 0.01.
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