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Background: Obstructive sleep apnea (OSA) is a highly prevalent disease with substantial 
public health burden. In most of the cases, there is a genetic predisposition to OSA. 
Serotonin/T-HydroxyTriptamine (5-HT) plays a key role in ventilatory stimulation, while 
the polymorphism of the serotonin transporter gene (STG) leads to alterations in serotonin 
level, making it important in OSA.
Objective: To examine whether the 5-HydroxyTriptamine and the genetic predisposition 
influence the incidence and evolution of OSA, we reviewed randomized, controlled trials and 
observational studies on the selected topic. The secondary objective was to determine the 
metabolic effects of the circulating serotonin in other tissues (liver, pancreas, gut, brown 
adipose tissue, and white adipose tissue) and its role in the development of obesity.
Data Sources: A systematic review of English articles was performed based on PubMed 
and the Cochrane Library databases. Search filters included randomized controlled trial, 
controlled clinical trial, random allocation, double-blind method, and case–control studies 
and used the following keywords: Brain Serotonin OR Serotonin Transporter Gene 
Polymorphism OR Peripheral 5-HydroxyTryptamine AND Obstructive Sleep Apnea OR 
Sleep Disorder Breathing OR brain serotonin AND OSA OR serotonin transporter gene 
OR Peripheral 5-Hydroxytryptamine AND Sleep.
Study Eligibility Criteria: The inclusion criteria for the current review were previous 
diagnosis of OSA, age above 18 years, and articles including quantitative data about 
serotonin transporter gene or peripheral serotonin. Language and time criteria were 
added – English articles published in the last 15 years. Studies that were not included 
were reviews and case reports.
Study Appraisal and Synthesis Methods: In order to study the serotonin function, 
a literature research was conducted in the databases Pubmed and Cochrane Library. The 
following search terms were used: serotonin, 5-hydroxytryptamine, serotonin transporter 
gene. A critical appraisal of the included studies was performed with the Newcastle- 
Ottawa scale (NOS) and Delphi list.
Results: The search yielded 1210 articles, from which 43 were included. The included 
studies suggest that the two polymorphisms of serotonin transporter gene (5HTT) – variable 
number of tandem repeats (VNTR) and linked polymorphic region (LPR) – are strong 
candidates in the pathogenesis of OSA. The allele 10 of 5HTTVNTR and the long/long 
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(L/L) allele genotype were associated with a higher prevalence of OSA and the L allele with a higher apnea-hypopnea index and 
a longer time during sleep with oxygen desaturation.
Limitations: The main limitation of the present study consists of heterogeneity of the information. Being a less studied subject, 
randomized trials are not widely available and most data were obtained from case–control trials. Moreover, the included material 
indirectly approached the subject by demonstrating the effects of serotoninergic system over the metabolism, the connection between 
serotonin and obesity, factors which are implied in the pathogenesis of OSA.
Conclusion and Implications of Key Findings: The two polymorphisms of serotonin gene can be considered important factors in 
the diagnosis and management of OSA.
Keywords: 5-HTTLPR, 5-HTTVNTR, sleep disorder breathing, obesity

Introduction
Obstructive sleep apnea (OSA) is a pathological condition 
characterized by repetitive upper airway collapse during 
sleep, either in the form of reduced airflow (hypopnea) or 
complete cessation of the airflow (apnea), events with 
a duration longer than 10 seconds and a drop in the oxygen 
saturation by at least 3%. Obstructive events lead to 
hypoxemia and are usually terminated by a cortical arousal 
from sleep resulting in muscle activation and recovery of 
the airway patency.1,2 The specific symptomatology con-
sists in loud snoring, arousals with a fragmented sleep, 
excessive daytime sleepiness, choking, gasping, or snort-
ing. Sleep apnea syndrome is associated with symptoms of 
functional impairment, that can be life-threatening and are 
responsible for extreme daytime hypersomnolence, auto-
mobile accidents, and cardiovascular morbidity and 
mortality.3 OSA is a complex disease, resulting from mul-
tiple interacting genetic and environmental factors. 
Diagnosis is based on clinical symptoms, objective exam-
ination of the upper airway, imaging studies, and poly-
somnography (PSG), which is the gold standard.4,5

OSA is a heritable condition, with a genetic suscept-
ibility. Also, there are other phenotypes that can occur and 
determine the disease, such as obesity, affected neurologi-
cal control of the upper airway, modifications of the cra-
niofacial structures, and disturbances of the circadian 
rhythm or sleep.6–8

In the last years, OSA has been considered 
a multifactorial disease. The main risk factors for OSA 
are obesity, impairment of the central control of ventila-
tion, environmental influences, craniofacial morphology, 
and the polymorphisms of several genes.9–11

Various data from the literature have recently shown 
that the pathophysiology of OSA is complex and influ-
enced by a number of factors. The genetic predisposition 
and the implication of serotoninergic system in the devel-
opment of OSA open a multitude of diagnostic and 

therapeutic options. The serotonin transporter gene has 
two polymorphisms involved in OSA: 5-HTTVNTR and 
5-HTTLPR. There are many genetic modifications. L/L 
genotype was more frequent in males, leading to an expla-
nation for the predisposition of male subjects to OSA. 
Also, the long(L) allele was associated with a higher 
AHI and a longer time spent during sleep at oxygen 
desaturation levels below 90%. On the contrary, the pre-
sence of short(S) allele seems to have a protective role in 
the development of sleep apnea, but it affects the quality of 
sleep by promoting insomnia and depression.

The rationale of the review is to obtain quality sys-
tematic data regarding early detection of patients at risk 
for OSA, considering that the current diagnosis algorithm 
detects the disease at an advanced stage and does not 
provide consistent preventive measures.

The objective of the study is to identify the effects of 
serotoninergic system on the metabolism and its implica-
tion in the pathogenesis of obesity and to assess the influ-
ence of genetic factors in OSA, which represents an 
important step towards identifying people at increased 
risk for OSA and its complications. The literature has 
evidenced a link between genetic factors and OSA and 
possibly this is why symptoms of sleep apnea have been 
found to run in the family.12,13 Moreover, it is stipulated 
that a percentage of 35–40% of OSA variance is attributed 
to genetic factors, which are associated with body fat 
distribution, craniofacial structure, and neural control of 
the upper airway muscles.14–16

Materials and Methods
For this review, the PRISMA statement was followed and 
a protocol for the review process was developed in 
advance.17 The main question for the review was what is 
the polymorphism of serotonin transporter gene involved 
in the development of OSA? The sub-question was what is 
the role of each polymorphism in the pathogenesis of OSA 
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and if peripheral serotonin has a role in this syndrome by 
increasing the risk of obesity? The search terms were 
“serotonin transporter gene”, “peripheral serotonin”, 
“brain serotonin”, and “OSA”. The team that perform the 
search consisted of two authors: ADM, DAT.

Protocol and Registration
The Study Was Not Registered
Studies that were included were (randomized) controlled 
trials and observational studies with and without control 
groups (cohort, case-control, cross-sectional). The inclu-
sion criteria for this study were diagnosis of OSA, age 18 
years or older, useable quantitative data concerning sero-
tonin transporter gene or peripheral serotonin in a group of 
participants with OSA. For an article to be considered as 
potentially included in the review it had to be available in 
full text, written in English, and had to be published in the 
last 15 years (from 1st of January 2005 until 28th of 
May 2020). Studies that were not included were reviews 
and case reports.

Information sources and search were obtained from 
PubMed and in the Cochrane Library. The last updated 
search was performed on 28 May 2020. In PubMed the 
following search query was used: Brain Serotonin [MeSH 
terms] OR Serotonin Transporter Gene Polymorphism [all 
fields] OR Peripheral 5-HydroxyTryptamine [MeSH 
terms] AND Obstructive Sleep Apnea [MeSH terms] OR 
Sleep Disorder Breathing [all fields]. In Cochrane Library 
the following terms were used: brain serotonin AND OSA 
or serotonin transporter gene OR Peripheral 
5-Hydroxytryptamine AND Sleep.

The data collection process action was performed by 
one author and was checked by two other authors. The 
following data were extracted: (1) participant character-
istics, including age and OSA diagnosis (established 
through polysomnography, with an AHI threshold for 
each study as indicated in Table 1), (2) study selection 
by design, e.g., cross-sectional, case-control, cohort 
study or (randomized) controlled trial and (3) baseline 
measures, including the detection of any polymorphism 
in serotonin transporter gene and the serum titer of per-
ipheral serotonin.

Data Items
The list of the variables for which data were sought is 
found in Table 2.

Summary Measures and Synthesis of 
Results
The principal summary measures and the methods of 
handling data and combining results of studies are not 
applied.

The titles, abstracts, and full texts were screened inde-
pendently by two reviewers (ADM, DAT) according to the 
pre-established protocol and the inclusion and exclusion 
criteria mentioned above; they were verified by other two 
authors. (IRB, AC). Disagreements between reviewers 
(ADM, DAT) were resolved by consensus.

The risk of bias within studies was critically appraised 
by two reviewers (ADM, DAT). For cross-sectional, case- 
control, and cohort studies, the Newcastle-Ottawa scale 
(NOS) was used and for (randomized) controlled trials 
the Delphi list. The diagnosis of OSA was considered 
adequate if it used the American Academy of Sleep 
Medicine (AASM) criteria (polysomnography in Sleep 
Laboratory or at home with portable devices, with an 
AHI threshold for each study as indicated in Table 
1).4,18,19

Results
After the first search, we found a total of 1210 articles. Of 
these, 406 studies were excluded because of duplication. 
The full texts of 804 studies were assessed in more detail, 
and 658 were subsequently excluded based on title and 
abstract study, because of lack of relevant information. 
Subsequently, a total of 146 articles were assessed for 
eligibility and 103 were excluded. A total of 43 studies 
were selected [17] and met the inclusion criteria, so they 
were processed for critical appraisal and data extraction. 
[15]. The flow chart of the search is presented in Figure 1.

The articles included in this study were classified by 
their topic. Therefore, the analysis included serotonin and 
its metabolic effects – 10 articles, genetic effects – 4 
articles and serotonin and obesity – 8 articles. The rest of 
the material, 21 articles dealt with general data regarding 
the serotoninergic system and its indirect mechanisms and 
actions that may be connected with the development or 
aggravating OSA.

Serotoninergic system showed multiple metabolic 
effects that are summarized in Table 3.

Serotonin defects and obesity are highly correlated as 
shown in multiple studies from the literature. The associa-
tion is of great importance due to the fact that OSA and 
obesity are strongly related and share a bidirectional 
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relationship. The results are summarized in Table 4. 
Correlation between genetic features and serotoninergic 
system is presented in Table 1.

From the 43 articles approaching the subject, 25 
were case-control trials, as expected for a less studied 
association like the one between serotonin and OSA. 
Still, this may be due to a review limitation and further 
research is needed.

The current analysis consists of heterogenic material 
represented by uneven samples, combination between ani-
mal models and experimental human tests, and different 
evaluation tests used that may be a source of bias within 
and across the studies.

Although the 43 articles included in the systemic ana-
lysis respected the general inclusion criteria, the present 
study may have its limitations due to multiple discrepan-
cies in terms of follow-up period for each experiment, 
different kinds of experimental procedures, different sub-
jects included, that taken together may modify the accu-
racy of the results. Moreover, one cannot underestimate 
the difference existing between in vitro, animal models 
and in vivo phenomena, or the potential differences in 
human brain versus rodent models.

Discussion
Risk Factors
Due to the endemic obesity worldwide, the prevalence of 
OSA is twice as high in obese subjects compared to 
normal-weight adults. Central obesity has become the 
major risk factor for its development, especially because 
it affects the physiological mechanism of the upper airway 
and modifies its shape, promoting collapsibility. In addi-
tion, specific symptoms of OSA, especially excessive day-
time sleepiness may accelerate weight gain due to reduced 
physical activity and energy expenditure.5,39,40

In the adult population, another important symptom of 
OSA, fragmented sleep as well as sleep deprivation or 

Table 2 Variables for Which Data Were Sought

Serotonin receptor implicated (HTR1A, HTR1B, HTR1F, HTR2A, 

HTR2B, HTR2C, HTR3, HTR3B, HTR7)
Gene implicated (, TPH1, SLC18A1, SLC6A14)

Genotype (SS, SL, LL, 10/10, 10/12, 12/12)

Serotonin gene polymorphisms (5 HTT VNTR, 5 HTT LPR)
Age (years)

AHI (events/hour of sleep)

BMI (kg/m2)
Waist circumference (cm)

Figure 1 Search results.
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Table 3 Peripheral Effects of Serotonin

Peripheral 5-HT Author, Year Receptor 
Implicated

Findings

In the liver Ramnanan et al, 201020 HTR2B ↑ liver gluconeogenesis 

↓ glucose uptake in the fasted state

Watanabe et al, 201021 HTR 2B Regulate hepatic bile acid turnover and lipid 

metabolism

Crane et al, 201522 HTR2B ↑ steatosis

In the pancreas Ohta et al, 201123 

Almaca et al, 201624 

Bennet et al, 201625

HTR3 Acts as a local autocrine/paracrine signal

Paulmann et al, 200926 HTR3 Is required for normal insulin secretion 

↑ insulin exocytosis

Bennet et al, 201627 HTR 2B ↑ glucose - stimulated insulin secretion

Almaca et al, 201624 HTR1F ↓ glucagon secretion

Kim et al, 201046 Ohara-Imaizumi et al, 
201328

HTR2B Increase beta cell mass 
↑ glucose-stimulated insulin secretion

In the adipose 
tissue

Ramnanan et al, 201020 NS ↑ circulating non-esterified fatty acids (NEFA) 
↑ glycerol levels

Crane et al, 201522 

Oh et al,20158

HTR3 ↓ adipose tissue thermogenesis

Oh et al,20158 HTR2B 
HTR2A 

HTR3

↑ adipose tissue lipolysis during fasting 
↑ lipogenesis in adipose tissue in response to high fat 

diet 

↓ adaptive thermogenesis.

Table 4 Serotonin and Obesity

Author, Year Region Sample Gene/Receptor Implicated Association

Haahr, 201529 Denmark 21 HTR2A BMI, weight gain

Fukui, 201230 Japan 311 NS Insulin resistance syndrome

Li, 201431 Europe and US 1982 HTR2A BMI

Opgen, 201032 Germany 128 HTR2C Weight gain

Chen, 201333 China 478 SLC18A1 
HTR3B 

HTR2A 

HTR2C

BMI

Kwak, 201234 Korea 8842 TPH1 BMI and waist circumference

Halder, 200735 Europe 934 HTR2A Central obesity, metabolic syndrome

Corpeleijn, 201036 Europe 722 SLC6A14 BMI, fat, oxidation in women

Abbreviation: NS, not specified.
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self-reported short sleep (<6 hours/night), have been asso-
ciated with metabolic disturbances independent of obesity 
and OSA, suggesting important interactions between these 
conditions and increased complexity of their 
treatment.41–43

Furthermore, a weight gain of 10% of body baseline in 
subjects diagnosed with mild OSA is associated with a six- 
fold higher risk of OSA aggravation. Also, a weight loss of 
10% of baseline reduces the severity of OSA by 20%.44

The development of obesity is multifactorial. There are 
two pathways that control feeding behavior, namely the 
homeostatic and hedonic systems. The homeostatic system 
is primarily located in the hypothalamus and brainstem 
and is responsible for the integration of energy availability 
from different organs and brain regions and for adjusting 
the food intake to balance energy reserve and 
expenditure.11,45 The center of the hedonic system is con-
sidered to be the striatum, one of the nuclei in the sub-
cortical basal ganglia. Its role is to control the motivational 

and rewarding aspects of food intake and is closely con-
nected to the homeostatic system.45,46

Two independent serotonin systems exist, one in the 
brain and the other in the periphery. As evidenced in 
literature, serotonin acts as a modulatory neurotransmitter 
and is a biogenic amine synthesized in the central nervous 
and in the enteric nervous system. Brain serotonin is 
synthesized from the amino acid precursor tryptophan 2, 
packaged into vesicles, and released into the synapse fol-
lowing an action potential. Once in the synapse, serotonin 
can interact with both the pre- and postsynaptic receptors. 
However, immediately after reacting with the pre- and 
postsynaptic receptors, it is critically important that sero-
tonin be removed from the synapse (Figure 2). Brain 
serotonin is responsible for the regulation of mood, cog-
nitive and autonomic functions in order to ensure survival, 
reproduction and to maintain homeostasis. In addition, 
serotonin has an excitatory effect on the respiratory func-
tion causing the excitation of phrenic motor neurons, 

Figure 2 Intrasynaptic transport of serotonin. Polymorphisms of serotonin transporter gene (STG) – 5-HTTLPR and 5-HTTVNTR.
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diaphragmatic contraction, and dilatation of upper airway 
muscles.47

On the other hand, close to 98% of the body’s seroto-
nin exists peripherally, where it operates as a peripheral 
hormone, affecting vasoconstriction, intestinal motility, 
primary hemostasis, liver repair, and the control of the 
T-cell-mediated immune system.48,49

The main neurotransmitters of hedonic and homeo-
static systems are dopamine and serotonin, but other neu-
rotransmitters are also involved.50 There are two 
hypothesis that can explain caloric consumption: first, the 
reward deficiency hypothesis implying that people 
increase the food intake due to a decrease in the dopami-
nergic activity and second, the homeostatic hypothesis that 
implies a higher consumption of food due to disturbed 
homeostatic balance through a decreased level of serotonin 
in the hypothalamus.7

The influence of serotonin on obesity is not yet very 
clear, mainly because the relationship between intrasynap-
tic serotonin level and the binding potential (BP) of the 
transporter of brain serotonin (SERT) is not clarified. 
Despite the fact that morbid obesity patients (Body mass 
index - BMI>40 kg/m2) did not differ in SERT BP, in 
overweight/moderate obesity subjects the level of SERT 
BP is elevated compared to lean controls.29,51 Thus, it was 
stipulated, that serotonin levels and brain serotonin trans-
porter binding potential (SERT BP) have an inversed rela-
tionship due to other factors than body weight, such as 
insulin resistance. It cannot be ruled that this relationship 
is not bidirectional because most of the time obesity is 
associated with moderate-to-severe insulin resistance. In 
addition, decreased SERT is seen in 30% of patients with 
binge eating and additional variation may occur due to diet 
composition and meal timing.7

Even if there is an amount of free serotonin in 
plasma, the main organ responsible for the secretion of 
peripheral serotonin is the gut, which produces it in the 
enterochromaffin cells (ECs). Indigenous bacteria pro-
duce metabolites that signal the colonic enterochromaffin 
cells. ECs increase tryptophan 1 (Tph1) expression and 
the biosynthesis of serotonin. 5-HT is secreted basolater-
ally and luminally, thus stimulating of myenteric neurons, 
gut motility, and gut inflammation. In addition, as shown 
in Figure 3, peripheral serotonin has many effects on 
other organs and has been studied extensively, as synthe-
sized in Table 3. In the liver, it increases steatosis, 
gluconeogenesis and inhibits glucose uptake in the fasting 
state. In the pancreas, 5-HT increases the insulin 

production and influence β-cell proliferation. Also, the 
5-HT influences the development of the obesity, by influ-
encing the lipolysis and increasing the lipogenesis in the 
white adipose tissue. Beside this, in the brown adipose 
tissue, serotonin is influencing the thermogenesis. The 
levels of peripheral serotonin are associated with obesity 
as shown in several studies which have demonstrated 
increased blood serotonin levels in animals with obesity 
and diabetes.8 In addition, Kim et al concluded that mice 
with high fat diet have had higher serum levels of ser-
otonin compared to lean mice.52 The main metabolite of 
serotonin is 5-hydroxyindoleacetic acid (5-IAA) and its 
levels have been higher in the plasma and urine of obese 
subjects, positively correlated with fasting blood glucose 
and hemoglobinA1c (HbA1c).30,53 Similarly, greater tryp-
tophan 1 expression and elevated plasma serotonin con-
centration were observed in rats with high-fat diet.54 

There is a bidirectional relationship between serotonin 
and OSA because obesity influences the circadian rhythm 
and the meal-induced release of serotonin in the duode-
num; therefore, these data confirm that increased levels of 
serotonin are positively associated with obesity and type 
2 diabetes.55

It is a well-known fact that the prevalence of OSA 
increases with age and is 2 to 3 times higher in men 
compared to women. Besides, there is the craniofacial 
phenotype that predispose to OSA consisting in hyoid 
position, tonsillar hypertrophy, mandibular size, and 
decreased velopharyngeal area. Another factor responsible 
for OSA is smoking, with controversial data, causing lipid 
and glucose metabolic dysfunction, endothelial injury, and 
systemic inflammation.4,56,57

Genetic Implication
An important component of OSA is the central nervous 
system control of the upper airway muscles, including 
genioglossus, which is innervated by neurons from the 
hypoglossal nucleus and is recognized as the main extrin-
sic tongue protuzor muscle (the patency of the airways and 
the regular pattern of breathing during sleep is maintained 
though the contraction of this muscle). The serotonergic 
and noradrenergic cells are capable to regulate the airway 
function and have become an indispensable component of 
the regulatory system for brain control of breathing 
because these are responsible for an increased activity of 
the genioglossus muscle.2,58,59

In addition, there are some polymorphisms in the genes 
for serotonin receptors responsible for metabolic diseases 
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and obesity. Some studies demonstrated that particularly 
the receptors of serotonin(HTR) 2A variants are associated 
with higher waist circumference, higher body max index, 
and metabolic syndrome.31,60,61 Also, the polymorphisms 
of the HTR2C gene determined in some patients weight 
gain and an increased BMI.55,56 Thus, there is genetic 
evidence that supports a positive correlation between the 
variable expression of genes that control serotonin synth-
esis, as demonstrated by Kwak et al, who showed that 
a variant of the tryptophan 1 gene was associated with 
an increased BMI and waist circumference.34

Overall, serotonin is responsible for an energy storage 
phenotype under fed conditions, consisting of suppressed 
lipolysis, enhanced adipogenesis in white adipocytes 
(through HTR2A signaling), and lipid uptake.47

Serotonin and Sleep Architecture
Due to the multiple connections of serotonergic neurons 
with the cortex, the limbic system, the basal forebrain, and 
the brainstem areas, serotonin has an important influence 
on sleep/wake cycles consisting in the inhibition of rapid- 
eye movement (REM) sleep and promoting wakefulness. 
The effects of serotonin receptors depend on the specific 
BP, for example, the agonists of HTR1A are responsible 
for increasing REM sleep, while local administration of 

HTR2A/2C, HTR1B, HTR7, and HTR3 agonists decreases 
the duration of REM sleep in mouse models, without 
changing the slow wave sleep pattern. In patients with 
primary insomnia or normal sleep, the systemic adminis-
tration of HTR2A antagonists reduces wakefulness and 
can increase the duration of slow wave sleep.62,63 

Buchanan et al showed that mice with selective loss of 
serotonin neurons exhibit loss of response to 
hypercapnia.64 As shown in another study, the arousal 
mediated by the 5-HT system has a role in protecting 
patients against severe hypercapnia by decreasing the 
length of apneic episodes, taking into account that in 
mice the administration of antagonist of the HTR2A has 
a dose-dependent effect on the reduction of hypercapnia 
during arousals.64,65

Serotonin and Sleep-Disordered 
Breathing
During sleep, there is a diminished serotonin ventilatory sti-
mulation, which can contribute to upper airway collapse.66,67 

In addition, multiple studies showed, through functional neu-
roimaging techniques, an important decrease of the 5-HT 
receptors responsible for an increased prevalence of OSA in 
older subjects, which reaches 62%.68 This fact is augmented by 

Figure 3 Peripheral effects of serotonin.
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the influence of the serotonergic system on depression, which 
is highly associated with OSA despite controlling for obesity or 
hypertension.69–71 In Prader-Willy Syndrome (PWS) patients, 
there is a reduction in brain serotonin activity and it was 
stipulated that in these subjects OSA manifests prior to obesity, 
suggesting a vital role of central serotonin in its development. 
Serotonin reduces food intake and thus appropriate agonists for 
its receptors are possible valuable drugs. Among these, sibu-
tramine, as an unspecific inhibitor of serotonin and norepi-
nephrine reuptake, was proposed in PWS patients, after 
considering favorable results obtained in obese patients and 
in hypothalamic obesity.72

Veasey et al demonstrated that the English bulldog, given 
its upper airway anatomy, is predisposed to OSA, so when 
serotonin antagonists were administrated, the desaturations 
were more important and snoring was observed even during 
wakefulness due to a reduced airway dilator muscle activity.67 

In addition, there is an inverse relationship between brain 
serotonin levels and food intake. Therefore, 5-HT was consid-
ered an anorexigenic neurotransmitter and has become a target 
for anti-obesity treatment.73

Serotonin Transporter Gene
Another area of research used in sleep disorder breathing 
is the study of serotonin transporter gene (5-HTT) poly-
morphism, responsible for the interactions between sero-
tonin and its receptors, in order to control the reuptake of 
serotonin and the peripheral actions of 5-HT.38

The encoding 5-HTT gene is located in the 17q11.1– 
17q12 region of Chromosome 17, as shown in Figure 1.74 

Previous studies have identified two polymorphisms of 
this gene (5-HTTLPR and 5-HTTVNTR), also illustrated 
in Figure 1, that influence the intrasynaptic serotonin con-
centration and are implicated in sleep disorder, psycholo-
gical diseases, and other associated OSA phenotypes, as 
seen in Table 1. These consist of a 44-base pair (bp) 
insertion/deletion in the located at the 5ʹ, flanking regula-
tory region resulting in short (S) and long (L) alleles 
(5-HTTLPR). The “L” allele is associated with normal 
levels of serotonin transporter, whereas the “S” allele is 
associated with reduced serotonin transporter expression 
and a non-coding variable tandem repeats of 9, 10 and 12 
in the second intron of 5-HTT gene (STin2.VNTR) that 
alters the 5-HTT gene transcription, enhance the normal 
function and therefore modify serotonin reuptake. As 
explained before, the functions of the upper airway dilator 
muscles are influenced by serotonergic neurons, which are 

governed by the 5-HTT gene, so this can be involved in the 
susceptibility of OSA.15

In 2005, Yue et al studied on a group of 104 patients 
and 150 healthy controls the frequencies of different forms 
of the genotypes and alleles of the 5-HTT gene. The 
average age of the study group was 42.3 ± 10.1 years 
and they were diagnosed with OSA by polysomnography 
(AHI ≥ 10 events/h of sleep). The frequency of S/S, S/L, 
or L/L genotypes and of the S and L alleles was not 
significantly different between the study and the control 
group. They observed that in 5-HTTVNTR polymorphism, 
the frequencies of 10/10 and 12/10 genotypes were higher 
in the OSA group. The study concluded that the allele 10 
of 5-HTTVNTR polymorphism can be considered 
a susceptible factor in the development of OSA, moreover 
because in this study the allele 10 was significantly higher 
in the OSA group compared to the healthy subjects.16

Ylmaz et al included in their study 42 subjects diagnosed 
with OSA by polysomnography and 162 healthy controls and 
found that the 12/12 5-HTTVNTR polymorphism was recog-
nized in 54.3% of the patients from the control group and 36% 
of the patients from the case group, while the 12/10 poly-
morphism was diagnosed in 37% in the control group and 
52% in the case group and the 10/10 polymorphism was 
observed in 8% of the control group and 12% of the case lot. 
For 5-HTTLPR polymorphism L/L, L/S, S/S variants were 
21.3%, 44.4%, 33.8% in control subjects and 14.8%, 59.3%, 
29.3% in the OSA group. Regarding these two polymorph-
isms, there was no difference between the genotypes and allele 
frequencies of the OSA group and controls or between male 
and female control subjects. However, in female subjects, it 
seems that 12/12 and S/S genotypes were more frequent, while 
in male patients the most represented genotypes were 12/10 
and L/L. Thus, a higher frequency was determined in male 
patients, compared to controls, but the genotypes of female 
patients and controls were not significantly different. The 
clinical data of the patients with different genotypes were 
compared according to gender and no statistically significant 
difference has been found.74

Yue et al developed a study in 2008 comparing 254 OSA 
subjects diagnosed by polysomnography (AHI>5 events/h of 
sleep) with 338 control participants. The average age in the 
study group was 45 ± 11.8 years and in the control group it was 
43.2 ± 12.7 years. The mean apnea/hypopnea index in the 
study group was 53.9 ± 16.4 events/hour of sleep. This study 
took into consideration the two polymorphisms of the 5-HTT 
gene and demonstrated that the allele 10-repeat of the 
5-HTTVNTR polymorphism was associated with OSA, both 
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in total and male subjects. Even if 5-HTTLPR is not known to 
predispose to OSA, the presence of L allele was significantly 
different in male patients than in male controls. Haplotype 
analysis was more significant than single-locus analysis. 
Their study showed that there are two haplotypes (S-12 and 
L-10) highly associated with OSA in a subgroup of male 
patients (p=0.0006). This is an evidence which can explain 
the implication of the 5-HTT gene in the pathogenesis of OSA 
and also the reason why in male subjects the prevalence of 
OSA is higher than in female subjects (2–4:1). In addition, this 
study shows that the presence of the STin2.10 allele of the 
5-HTT gene may influence the development of OSA in 21.3% 
of the patients. There are some mechanisms that can explain 
this association. First of all, the repetitive sequence of this 
polymorphism is followed by a binding site for 
a transcription factor, which is an activating protein (AP-1) 
with an important role in 5-HTT expression. Secondly, the 
stability of the gene transcription through messenger ribonu-
cleic acid (RNA) is influenced by the number of VNTR 
repeats. Similarly, 5-HTTVNTR interacts with insulin gene 
locus insulin-dependent diabetes mellitus 2 (IDDM2) and 
this can interfere with the expression of insulin messenger 
ribonucleic acid (RNA) in pancreatic cells.15

Chen et al included in their study 121 patients diagnosed 
with OSA by polysomnography (AHI ≥ 5 events/h of sleep) 
with an average of 43.8 ± 3.0 years and an AHI of 42.6 ± 14.8 
events/h of sleep and 105 healthy subjects with an average age 
of 43.0 ± 2.7 years and a mean AHI of 3.7 ± 1.3 events/hour of 
sleep. In this study, there were no differences in the genotype 
frequencies or allele distribution of 5-HTTLPR polymorphism 
between OSA subjects and control group. However, there were 
some differences regarding 5-HTTVNTR polymorphism. The 
frequencies of 10/10, 10/12 genotypes and 10 allele were 
higher in OSA group versus control and also there were 
significant differences in genotype and allele frequencies 
between male OSA patients and male controls. This evidence 
suggests that there is a positive association between OSA and 
5-HTT polymorphism and that the allele 10 of 5-HTTVNTR 
might become a susceptible factor in the development of sleep 
disorders.38 Kunugi et al conducted a study that took into 
account the serotonin transporter gene polymorphism in 
patients with bipolar affective disorders and found that there 
are significant ethnic differences between the Chinese Han and 
European American population in terms of genotype or allele 
frequencies of 5-HTTLPR and STin2.VNTR in the 5-HTT 
gene.75 Similar to the study of Yue et al, which stipulated that 
the allele 10 repeat of STin2.VNTR was associated with OSA 
in both total and male subjects and that the L allele showed 

significant differences between OSA male and male controls, 
the study of Chen et al revealed same results. Therefore, they 
concluded that the 5-HTT gene polymorphism is highly asso-
ciated with OSA and the allele 10 of the 5-HTTVNTR poly-
morphism might be a susceptible factor for OSA.15,38

Regarding the genotypes and allele frequencies, in the 
study of YImaz et al, there were no significant differences 
between OSA patients and controls or between the two sexes 
in the control group.37 However, a genetic predisposition to 
OSA in male patients was suggested, based on significant 
differences between OSA male and male controls, which 
lead to an alteration in the activity of the serotonergic system. 
Therefore, there is a six-fold increase in the risk of OSA in men 
subjects compared with women subjects, based on sleep 
laboratory data and genetic differences. Despite these, there 
are no significant differences between the clinical data regard-
ing different genotypes, which suggests that other mechanisms 
are involved in the development of OSA. In addition, the 
frequency of the S allele and S/S genotype was less frequent 
in male patients resulting in a decreased 5-HT reuptake. This 
may lead to a shorter serotonergic activity in these subjects 
which can explain the diagnosis of OSA.76 Contrarily, 
Sookoian et al conducted a study on rotated shift workers and 
proved that they have S allele 5-HTTLPR polymorphism and 
a decreased level of serotonin and thus both these modifica-
tions can explain why these subjects can adapt to the conditions 
imposed by rotating shift work.77

On the other side, in male patients, the L/L genotype was 
more frequent resulting in faster reuptake of serotonin and 
shorter serotonin activity. Thus, this modificationpredisposes 
male subjects to develop OSA. Also, in older Caucasian, the 
L allele was associated with a higher AHI and a longer time 
spent during sleep at oxygen desaturation levels below 90%, as 
Schroder et al have demonstrated.78 The L/S genotype is 
associated with moderate serotonin reuptake activity and is 
also more frequent in male patients, which can also explain 
the high prevalence of OSA in male patients, especially in 
those with an absent L/L genotype. There is an indirect proof 
that the presence of S allele is a protective factor against OSA. 
The allele 12 of 5-HTTVNTR polymorphism and the 12/12 
genotype was more frequent in female patients compared to 
male patients. Meanwhile, the 12/12 genotype was more fre-
quent in male controls and the 12/10 genotype was overrepre-
sented in male patients.78

Contrarily, the study of Yue et al suggested that allele L of 
5-HTTLPR and allele 10 of 5-HTTVNTR are susceptible 
factors for OSA in male patients.15 Also, Chen et al support 
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that the allele 10 of 5-HTTVNTR might be a susceptible factor 
in the pathogenesis of OSA.38

Schroder et al conducted a study on 94 subjects diagnosed 
with OSA using home polysomnography and observed that the 
patients with L/L genotype of 5-HTTLPR phenotype were 
older, with an average age of 73.25 years and had a higher 
AHI of 16.11±16.3 events/h of sleep and more important 
desaturations during sleep.78

As discussed before, serotonin pathway affects anxiety, 
food intake, sleep, sexual behavior, and mood.79 Even if 2% 
of the total serotonin is stored in the central nervous system, the 
rest of the body’s serotonin is produced by the gut and stored 
peripherally, where it has many effects on primary homeosta-
sis, vasoconstriction, liver repair, and immunity. Carleij et al 
proved that both peripheral and central serotonin are involved 
in sleep regulation. The desaturations and the arousals com-
mon to OSA have a negative impact on serotonin pathway 
mediators.80 Tripathi et al conducted a study on 381 elderly 
patients and showed that in this group the level of serum 
serotonin was inversely correlated to OSA severity; therefore, 
the estimation of serum serotonin is a viable biomarker for 
diagnosing OSA.81

Serotonin also influences other aspects of sleep and there-
fore, as shown in the article of Brummet et al, the 5-HTTLPR 
S allele was associated with worsened insomnia in patients 
suffering from depression, poor sleep quality, and chronic 
stress.82 Even if, as Yue et al showed, the L allele of 
5-HTTLPR was associated with OSA in male patients but 
not in female patients, Deuschle approved that the S allele of 
5-HTTLPR was associated with primary insomnia in female 
subjects. In addition, this polymorphism is independently asso-
ciated with insomnia and depression, social phobia and proces-
sing style for negative information and also there is an 
association between the serotonin transporter length poly-
morphism and primary insomnia.15,83

The limitations of this systematic review were the 
heterogeneity of included studies, the time limit set to 
the last 15 years, the bias of search, and the lack of 
published articles regarding this topic in the literature.

Conclusions
Numerous data from the literature have recently showed 
that the pathophysiology of OSA is complex and influ-
enced by a number of factors. The genetic predisposition 
and the influence of neuromodulators like serotonin bring 
a novel approach of the pathology and open a multitude of 
diagnostic and therapeutic options.

The implication of serotoninergic system in the develop-
ment of OSA has direct and indirect mechanisms. The correla-
tions between serotonin and obesity, high BMI, increased 
abdominal circumference represent an indirect mechanism 
for OSA. Furthermore, serotonin is involved in numerous 
metabolic processes such as the increase of liver gluconeogen-
esis, steatosis, high levels of glucose in the blood, low levels of 
glucagon or lipogenesis, being a promoter of metabolic syn-
drome, which is also related to OSA.

The direct implication of serotonin in the development of 
OSA is demonstrated by genetic mechanisms. The serotonin 
transporter gene has two polymorphisms involved in OSA: 
5-HTTVNTR and 5-HTTLPR. The allele 10 of 5-HTTVNTR 
might become a susceptible factor in the development of sleep 
disorders. Furthermore, the L/L genotype was more frequent in 
males, resulting in faster reuptake of serotonin and shorter 
serotonin activity, which leads to an explanation of 
a predisposition of male subjects to OSA. Also, the L allele 
was associated with a higher AHI and a longer time spent 
during sleep at oxygen desaturation levels below 90%. On 
the other hand, the presence of S allele seems to have 
a protective role in the development of sleep apnea, but it 
affects the quality of sleep by promoting insomnia and 
depression.

In conclusion, serotonin, a molecule long-known to be 
involved in many physiological processes, is mainly 
important in sleep behavior, with a marked influence on 
sleep/wake cycles consisting in the inhibition of REM 
sleep and promoting wakefulness, with an important role 
in OSA. This molecule and its genetical modification must 
be taken into account, moreover because OSA has been 
shown to significantly aggregate within families with 
nearly 40% of AHI variation due to genetic factors.
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