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ABSTRACT

Introduction: The high prevalence of obstruc-
tive sleep apnea (OSA), which impairs quality of
life for numerous patients and leads to various
OSA complications, has contributed to the
continued interest in this disorder. The role of
serotonin (5-HT) in many physiological pro-
cesses, studies on its connection with the cir-
cadian system, and relationship to changes in
sleep architecture are insufficient to assess the
interaction of this neurotransmitter with noc-
turnal hypoxia. The aim of this study was to
determine changes in sleep patterns and serum

serotonin levels before and after positive airway
pressure (PAP) therapy in patients with OSA.
Methods: The study involved 30 OSA patients
(27 men and 3 women) who were treated with
PAP for 3 months. Polysomnography using the
GRASS TELEFACTOR (USA) and blood collec-
tion were conducted before and after PAP
courses. Determination of serum serotonin was
performed by high-performance liquid chro-
matography (HPLC). PAP therapy was per-
formed using an automatic Prisma 20A
(Germany) continuous positive airway pressure
(CPAP) device.
Results: The use of PAP for 3 months revealed a
significant improvement as measured by sleep
data and serotonin levels (before: apnea index
[AI] 17.2 eV/h, after: 2.4 eV/h p = 0.001;
SpO2\ 90% - 45.7 min vs. 6.2 min p = 0.001;
serotonin 20.3 ng/mL vs. 26.03 ng/mL
p = 0.036].
Conclusion: Our results demonstrate an
improvement in sleep patterns. There was an
increase in serum serotonin levels in OSA
patients following PAP therapy, which could be
an effect of intermittent hypoxia decline, and
could be used as criteria for the effectiveness of
PAP and an improvement in sleep quality.
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Key Summary Points

The high prevalence of obstructive sleep
apnea (OSA), the resulting impaired
quality of life, and the various OSA
complications have contributed to
continued interest in learning about the
different pathophysiological aspects of
this disorder.

The serotonin system regulates autonomic
response and arousal during sleep apnea
episodes.

Our results demonstrate improvement in
sleep patterns and an increase in serum
serotonin levels in OSA patients after
positive airway pressure (PAP) therapy.

An increase in serum serotonin levels in
OSA patients after PAP may be an effect of
decreased intermittent hypoxia and may
constitute criteria for the effectiveness of
PAP and an improvement in sleep quality.

INTRODUCTION

Obstructive sleep apnea (OSA) is a common
sleep disorder characterized by snoring,
obstruction of the upper airways, and intermit-
tent nocturnal hypoxia, resulting in significant
consequences for health and quality of life. OSA
is a major cause of fatal sleepiness-related road
vehicle accidents, heart attacks, and strokes
[1–6]. Globally, 936 million people aged 30–-
69 years have OSA, with about 425 million
adults having moderate to severe OSA [7]. The
high prevalence of OSA, the resulting impaired
quality of life, and various OSA complications
have contributed to the continued interest in
learning about the different pathophysiological
aspects of the disorder [8, 9]. It is known that
the serotonergic system (namely, serotonin or
5-hydroxytryptamine; 5-HT) has a central role
as a neurobiological substrate underlying the
regulation of upper airway muscle tone during

sleep [10]. 5-HT neurons stimulate respiratory
function during hypoxia through activation of
the motor neurons controlling the activity of
the upper airways [11]. The serotonin system
also regulates autonomic response and arousal
during sleep apnea episodes [12]. Therefore, the
potential use of 5-HT as a pharmacological
complement to OSA therapy has been widely
discussed [13–15].

Despite active interest in the role of 5-HT in
many physiological processes, studies on its
connection with the circadian system (includ-
ing the sleep–wake cycle) and relationship with
changes in sleep architecture are insufficient to
assess the interaction of this neurotransmitter
with nocturnal hypoxia. Positive airway pres-
sure (PAP) therapy is well known as the gold
standard for treating patients with moderate to
severe OSA [16–18]. It has been reported that
PAP therapy is effective in correcting endothe-
lial dysfunction and reducing systemic inflam-
mation [19] and inhibiting enhanced
erythropoiesis and changes in some metabolic
parameters (e.g., homeostasis model assessment
index, glycosylated hemoglobin level) [20].

Therefore, the assessment of sleep patterns
and changes in blood serotonin levels with and
without (after PAP therapy) nocturnal hypoxia
in OSA patients is of great interest. The aim of
this study was to determine changes in sleep
patterns and serum serotonin levels before and
after PAP therapy in patients with OSA.

METHODS

Study Design and Participants

The study included 30 patients (27 men and 3
women) who applied to the Somnology Center
of the Scientific Center for Family Health and
Human Reproduction in Irkutsk with com-
plaints of snoring, apnea episodes during sleep,
and increased daytime sleepiness. The mean age
was 46.1 (39.8–56.5) years, mean body mass
index (BMI) was 26.7 (27.0–31) kg/m2, and
78.5% of patients were male. Comorbidities
included arterial hypertension (25%), ischemic
heart disease (7.6%), chronic obstructive
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pulmonary disease (7.6%), chronic gastritis
(15%), and chronic prostatitis (35.7%).

The inclusion criteria were age from 45 to
60 years, high-risk score of 5 to 8 on STOP-
BANG questionnaire [21], and clinical diagnosis
of moderate obstructive sleep apnea syndrome
(OSAS) established by polysomnographic study
according to the criteria of the American Acad-
emy of Sleep Medicine [22, 23].

Exclusion criteria were previous treatment
for OSA with PAP or surgery, worsening and
exacerbation of chronic disease, shift work, or
refusal to participate in the study. Patients on
bi-level positive airway pressure (BiPAP) therapy
were excluded from the study due to the need
for more stringent respiratory support regimens.

All patients, in accordance with the
approved recommendations [22, 23], were
selected for PAP therapy titration followed by
continuous ventilation during sleep performed
using an automatic Prisma 20A continuous
positive airway pressure (CPAP) device (Löwen-
stein Medical, Germany) for 3 months.

Polysomnographic monitoring was carried
out in a specially equipped room of the sleep
center, as close as possible to home conditions,
using the GRASS-TELEFACTOR Twin PSG
(Comet) system with an AS40 amplifier with an
integrated SPM-1 sleep module (USA), accord-
ing to the standard method. The protocol con-
sisted of full-night 16-channel
polysomnography with two electroencephalo-
gram (C4, C3, O1, O2), two electrooculogram,
and two electromyogram channels; control of
air flow in the nose and mouth through a
thermistor; breathing effort through the con-
ductive straps on the chest and abdomen;
snoring through a microphone; and determi-
nation of blood oxygen saturation using a dig-
ital sensor. OSA was classified as mild (apnea/
hypopnea index (AHI): 10.0–15 events/h),
moderate (AHI: 15.1–30 events/h), or severe
(AHI[ 30 events/h) [1].

Participants were treated with PAP as per
guidelines [24, 25]. All patients underwent an
auto-PAP trial to determine individual PAP
requirements. Initial auto-PAP settings were
16/6 cmH2O and were automatically titrated.
Adherence to PAP therapy was monitored by
electronic download from the unit every

2 weeks once satisfactory PAP adherence was
achieved (defined as PAP use for 4 h/night on
70% of nights for 12 weeks) [26, 27].

Serum Serotonin Collection

Venous blood was collected between 8:00 and
9:00 am in test tubes after a 12-h overnight fast
and polysomnographic examination. The sam-
ples were centrifuged for 10 min at 1.5009g at
4 �C. Serum was used to determine the sero-
tonin level. The samples were kept frozen at
-40 �C for up to 1 month.

High-Performance Liquid
Chromatography

Determination of serotonin was performed by
high-performance liquid chromatography
(HPLC) with tandemmass spectrometry. For the
determination, a Shimadzu (Kyoto, Japan) LC-
30 Nexera X2 HPLC system with an automatic
injector and a Shimadzu LCMS-8060 three-
quadrupole tandem mass spectrometer was
used. The device was controlled using the
LabSolutions software package (Shimadzu).
Separation of the mixture components was
carried out using an AkzoNobel/Kromasil
100-2.5-C18 chromatographic column.

Analyses were determined in selected reac-
tion monitoring mode (SRM) by ions:
177.20[160.15 for serotonin. The calibration
range was 10–30,000 pg/ml.

Statistical Data Analysis

The data obtained were processed using Statis-
tica 10.1 software (StatSoft, Inc., USA). When
analyzing intergroup differences for indepen-
dent samples, the Mann–Whitney U-test was
used. Data are presented as median (Me) and
25th and 75th quartiles (Q1–Q3). For compar-
ison in groups before and after treatment, the
Wilcoxon t-test was used for linked samples. All
differences were considered statistically signifi-
cant at p\0.05.

The study was conducted after obtaining the
informed consent of the participants, as stipu-
lated by the ethical standards of the World
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Medical Association’s Declaration of Helsinki.
The study protocol was approved by the
Biomedical Ethics Committee of the Federal
State Budgetary Institution ‘‘Scientific Center
for Family Health and Human Reproduction’’
(20.02.2019, protocol N2).

RESULTS

The complete elimination of episodes of apnea
and restoration of blood oxygen saturation
levels significantly changed the structural
characteristics and indicators of sleep. Before
PAP treatment, we found changes in sleep
architecture as a significant decrease in sleep
efficiency, a decrease in the representation of
slow-wave sleep (SWS) and rapid eye movement
sleep (REM), as well as an increase in the time of
stages 1 and 2 in patients with OSA. Sleep
fragmentation in OSA patients confirmed an
increase in the respiratory arousal index
(Table 1).

We obtained results demonstrating changes
in serum serotonin levels in patients with OSA
before and after PAP. During the 12-week per-
iod, all patients used PAP 75–95% of nights,
with an average usage of 4–8 h per night, indi-
cating excellent adherence, and demonstrated a
significant reduction in AHI (19.8–7.2 events/
h—residual AHI) and normalization of the
apnea index (AI) (17.4–2.4 events/h), indicating
adequate treatment.

DISCUSSION

Before PAP treatment, the serotonin levels were
lower compared to the post-treatment values. It
is known that the serotonin system is a potent
modulator of the neuronal pathways that con-
trol respiration [28–30]. Thus, our results are
consistent with other studies showing changes
in the regulation of the serotonin system at the
level of neuronal interactions that may con-
tribute to the onset of OSA [31]. At the same
time, the genetic predisposition of the

Table 1 Sleep data and serum serotonin levels in OSAS patients before and after CPAP therapy (Me [25; 75])

Subjects with OSAS
(n = 30)

Subjects with OSAS after 3 months of CPAP
(n = 30)

p-value
(x)

AHI (events/h) 19.8 (16.7–38.0) 7.2(4.2–10.4) 0.001

AI (events/h) 17.4 ( 15.1–24.7) 2.4 (1.1–4.6) 0.001

Respiratory arousal index

(events/h)

56.1 (41.3–73.0) 27.2(27.1–35.8) 0.003

Average SpO2 values (%) 86.7 (82.4–90.2) 91.5(90–95) 0.003

SpO2\ 90% (% of total sleep

time)

45.7 (42.4–56.8) 6.2(5.2–12.3) 0.003

Sleep efficiency (%) 82.5 (83.1–88.7) 90.1(91.5–98.4) 0.001

Stages 1–2 NREM (min) 256.3 (232.0–276.2) 180.3(170.0–226.2) 0.001

Stage 3 NREM (min) 89.2 (69.1–105.4) 98.06 (89.06–145.4) 0.001

REM (min) 87.0 (62.0–95.0) 105.8 (102.6–140.1) 0.001

Serum serotonin (ng/mL) 20.3 (15.1–26.2) 26.03 (19.1–30.8) 0.036

x, Wilcoxon t-test;
OSAS obstructive sleep apnea syndrome, CPAP continuous positive airway pressure, NREM non-rapid eye movement sleep,
REM rapid eye movement sleep, AHI apnea hypopnea index, AI apnea index, SpO2 oxygen saturation
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serotonergic system formation is being actively
discussed. The serotonin transporter gene
polymorphism (SLC6A4) leads to changes in
serotonin levels, which suggests that it is an
important link in the pathogenesis of OSA
[32, 33]. A meta-analysis by Maierean et al. [34]
of studies investigating serotonin polymor-
phisms showed the course of OSA and depen-
dence on serotonin genetic modification.

Thus, the prevalence of the L/L genotype in
men is higher, which explains the male predis-
position to OSA. In addition, the long (L) allele
was associated with a higher AHI and longer
sleep time in oxygen desaturation levels below
90%. In contrast, the presence of the short
(S) allele may play a protective role in the
development of OSA while also influencing
sleep quality, contributing to insomnia and
depression [35].

At the same time, the elimination of inter-
mittent hypoxia during sleep in patients with
OSA leads to an increase in blood serotonin
levels similar to those in healthy individuals. It
is well known that the elimination of hypoxia
leads to an improvement in the sleep structure
[18, 36–39]. However, the results of previous
experimental studies demonstrated that sero-
tonin systems, serotonin, and its metabolites
affected the regulation of the sleep–wake cycle
[40–44]. Our results confirm the hypothesis
about a change in serum serotonin levels upon
elimination of intermittent hypoxia during the
night in patients with OSA. Tripathi et al. [45]
also confirmed this hypothesis by finding an
inverse correlation between the severity of OSA
and the concentration of serum serotonin in
elderly patients with orthodontic pathology
and obesity [45].

The revelation of the role of serotonin in the
development of OSA opens up many diagnostic
and therapeutic possibilities. Thus, a therapeu-
tic ‘‘window’’ of opportunity for serotonin was
proposed by Veasey et al. [46, 47]. Experimental
work was carried out with the introduction of a
serotonin antagonist on English bulldogs with
OSA. Suppression of endogenous serotonin
levels caused airway obstruction in animals
while awake. Likewise, the possibility of using
serotonin as an OSA biomarker was considered
by Lipford et al. [48]. This may open up new

perspectives in the study of serotonin in
breathing disorders during sleep. This is a pre-
liminary study, so it has a number of limiting
aspects, primarily the small sample size. It is
also necessary to study polymorphisms of the
serotonin modulator gene and associations
between serotonin and body weight, gender,
and ethnicity. We understand that longer PAP
therapy is needed (12 months and more) in
order to eliminate residual AHI.

CONCLUSION

Our preliminary results suggest that the elimi-
nation of intermittent hypoxia increases sero-
tonin levels. This could be interpreted as a
criterion for the effectiveness of PAP therapy
and an improvement in sleep quality.
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