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1 | INTRODUCTION

Obstructive sleep apnea syndrome (OSAS) is caused by upper
airway collapse during sleep. These episodes are associated
with recurrent oxyhemoglobin desaturations and arousals,
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Abstract

Introduction: Obstructive sleep apnea syndrome (OSAS) is a common disorder that
has a major impact on public health. The connection between OSAS and obesity is
very complex and likely represents an interaction between biological and lifestyle
factors. Oxidative stress, inflammation and metabolic dysregulation are both actors
involved in the pathogenesis of OSAS and obesity. Also, the current evidence sug-
gests that gut microbiota plays a significant role in the emergence and progression
of some metabolic disorders. When the relationship between OSAS and obesity is
evaluated extensively, it is understood that they show mutual causality with each
other, and that metabolic challenges such as impaired microbiota affect this bidirec-
tional organ interaction, and by ensuing organ injury.

Objectives: The aim of this study is to investigate the association between OSAS
and obesity, and the effect of “organ crosstalk” on the pathogenesis of the relation-
ship and to contribute to the diagnosis and treatment options in the light of current
data.

Data Source: We performed an electronic database search including PubMed,
EMBASE and Web of Science. We used the following search terms: OSAS, obesity,
inflammation, metabolic dysregulation and gut microbiota.

Conclusion: Obesity and OSAS adversely affect many organs and systems. Besides
the factors affecting the diagnosis of the OSAS-obesity relationship, mutual organ
interactions among the respiratory system, adipose tissue and intestines should not
be ignored for prevention and treatment of OSAS and obesity. Comprehensive clini-
cal trials addressing the efficacy and efficiency of current or potential treatments on

therapeutic applications in the OSAS-obesity relationship are needed.
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which lead to disruption of the sleep pattern and cognitive de-
terioration." They are known to be some risk factors for OSAS
development, including obesity, hypertension, diabetes, male
sex, tobacco and alcohol consumption, chronic nasal conges-
tion and asthma. While recent studies show that around half
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the people with OSAS are obese, there is prevalence of sleep
apnoea in approximately 40% of the moderately overweight
(male and female) population. Also, it is estimated that in se-
vere obesity, the prevalence of sleep apnoea was estimated to
vary between 40% and 90%.> By the way, it should be noted
that the prevalence of OSAS varies significantly based on the
population being studied and how OSAS is defined (eg, apnoea
-hypopnea index threshold, scoring criteria used and testing
methodology).4 Polysomnography is the reference method for
the diagnosis of OSAS, but conventional measures of OSAS
severity, such as the apnoea -hypopnea index, may not be cor-
related well with the severity of clinical symptoms.3 4 Various
conditions closely related to obesity, such as oxidative stress,
systemic inflammation, visceral fat accumulation, dyslipidemia
and insulin resistance (IR) may also occur as OSAS-associated
manifestations.® Data from epidemiological studies and ran-
domized clinical trials strongly suggest that OSAS is a common
and treatable risk factor for the development of hypertension,
heart failure and stroke, especially in men.’ According to sev-
eral reports, OSAS and obesity are not only important risk fac-
tors for metabolic disorder but also can act synergistically.‘"6
Moreover, in recent years, the gut microbiota has emerged as
one of the key factors regulating early events triggering inflam-
mation associated with obesity and metabolic dysfunction.®’
Also, some metabolic disorders such as obesity and IR with mi-
crobiota composition of the host are thought to be associated. In
recent studies, it is accepted that gut microbiota plays a causal
role in human metabolism and in the development of metabolic
disorders such as obesity and OSAS-induced hypertension.>”
Therefore, it is suggested that Firmicutes/Bacteroidetes ratio
and as well as the production of LPS decrease with different
treatment methods.'” On the other hand, structural and func-
tional dysfunctions in target or other end organs due to patho-
logical changes and circulating metabolites in a damaged organ
are defined as “organ crosstalk”, and there are increasing publi-
cations on this subject (Figure 1). For instance, many research-
ers work on understanding of the mechanisms of organ crosstalk
in diseases such as obesity, and nonalcoholic fatty liver disease
(NAFLD).“’12 In addition to obesity, adipose tissue, liver and
intestines have been suggested to play essential roles in organ
interactions related to mechanisms involved in the pathogenesis
of OSAS. Therefore, this review aims to explore the relation-
ship between obesity and OSAS, describe the complex, inter-
leaved vicious cycles that connect the two diseases, and reveal
the secret and potential effects of organ crosstalk.

2 | THE INTERACTIONS
BETWEEN OSAS AND OBESITY

In the last quarter of the century, besides research on OSAS-
obesity interaction and pathophysiology, several review stud-
ies are also being published.” Although obesity is the main
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FIGURE 1 Simple presentation of primary or secondary organs

and systems that play an important role in the pathogenesis of the
relationship OSAS and obesity. (CNS, central nervous system)

risk factor for the development of OSAS, some authors have
suggested that OSAS can cause weight gain and therefore,
obesity.w’14 There are different causal factors including re-
duced physical activity, IR and increased ghrelin levels in
this process.'” Likewise, obesity can result in upper air-
way collapsibility by increasing fat deposit in upper airway
lumen and muscles, thus leading to susceptibility to OSAS.'
Javaheri et al'® claim that there are many potential mecha-
nistic factors, including increased sympathetic nerve activ-
ity, vascular endothelial dysfunction, intermittent hypoxia,
inflammation, oxidative stress and metabolic dysregulation
in linking obesity with OSAS as well as the upper airway
dysfunction and respiratory control instability. Not all indi-
viduals with OSAS are overweight, but the majority of OSAS
patients are obese. Moreover, both obesity and OSAS are as-
sociated with similar adverse cardiovascular, metabolic and
neurocognitive outcomes.

Although not all individuals with OSAS are overweight,
the vast majority of patients with OSAS are obese. Moreover,
both obesity and OSAS are associated with similar adverse
cardiovascular, metabolic and neurocognitive outcomes.
Many reports have concluded that sleep deprivation, OSAS
and obesity may be interrelated, and both conditions increase
the severity and effects of the other.'"*!'” apnoea -mediated
nocturnal intermittent hypoxia, increased sympathetic tonus,
OS, inflammation and endothelial dysfunction are among
the pathophysiological mechanisms for OSAS-Obesity re-
lationship. Increased BMI and increased weight-related
metabolic syndrome have been reported in obese OSAS pa-
tients compared to obese individuals without sleep apnoea.18
Additionally, the evidence suggests that the association of
OSAS and obesity promotes weight gain, obesity and, type 2
diabetes in a variety of ways creating multiple complex vicious
cycles.m’19 The complex pathophysiologic interrelationships
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between obesity and OSAS often defy clear assignment of
cause and effect. However, we know more clearly that OSAS
contributes to weight gain and obesity in various ways, or
vice versa. Therefore, approaching the relationship between
OSAS and obesity in terms of the effect of mutual organ in-
teraction on the pathogenesis of OSAS and obesity will help
elucidate this complex relationship.19

3 | THE ROLE OF THE LUNG IN
THE ORGAN CROSSTALK

Emerging clinical and experimental evidence supports the
hypothesis of multidirectional organ crosstalk between lungs
and distal organs. The lung influenced by the environment is
a highly immunologic organ, representing a gateway to out
of the body. The lungs have critical pathophysiological con-
nections with the heart and kidneys, especially in the cases of
failure of these org:«ms.zo’21 Also, there is increasing evidence
that acute lung injury (ALI) directly contributes to organ dys-
function in the brain, liver, kidney, heart and other organs,
especially in critically ill patients.22 Rutten et al* proposed
that the increased metabolic demands that are associated
with the physical activities of patients with chronic obstruc-
tive pulmonary disease (COPD) result in a reduction in the
intestinal perfusion causing ischemia in these tissues. In pa-
tients with ALI, oxygen supply also decreases due to renal
hypoxia. Moreover, ALI not only can cause renal injury, but
also worsen COPD and OSAS.** Recurrent obstructive ap-
noeas expose both the heart and the coronary vessels to the
cascade of harmful stimuli and lead to initiate progression of

the cardiovascular disorder over time.” Of course, the bidirec-
tional interaction of the lungs with other organs (heart, liver
or kidneys) cannot be ignored in terms of OSAS-related sam-
ples such as hypertension and heart failure. Since metabolic
dysfunction and inflammation are common components of
the three also interactions, lung-adipose tissue, gut-lung and
adipose tissue-gut interactions are particularly discussed in
this review article (Figure 2).

3.1 | Lung-Adipose tissue interaction and
Lung-the other remote organ crosstalks

In general, excess fat in the body accumulates in three dif-
ferent areas: subcutaneous, internal organs (abdominal cav-
ity) and ectopic fat (heart and pharyngeal pads). Especially
pharyngeal pad is associated with OSAS, and these patients
have very low sleep quality and high risk of cardiovascular
disease.” Obesity is a strong risk factor for OSAS, a dis-
ease characterized by periodic upper airway occlusion dur-
ing sleep. In obese patients, changing respiratory physiology
partly explains the increase in the frequency of OSAS in obe-
sity.5 In addition to anatomical and physiological changes
affecting the face, neck, pharynx, chest wall and lungs in
obese patients, it is also observed that excessive visceral fat
increases the abdominal pressure.26 Obesity manifests as in-
creased abdominal adiposity and low-grade inflammation,
which can be accompanied by a range of health problems,
including IR, type 2 diabetes, dyslipidemia, NAFLD and
cardiovascular diseases.””*® The majority of patients with
obesity have an impaired adipose tissue function which leads
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to adipocyte hypertrophy, hypoxia, a variety of stresses and
inflammatory processes within adipose tissue.?’ Also, many
of the inflammatory pathways releaved to be activated by in-
termittent hypoxia in OSAS are activated in adipose tissue. "’
Visceral obesity emerged as a consequence of adipose tissue
dysfunction, which is further characterized by changes in the
cellular composition, increased lipid storage and impaired in-
sulin sensitivity in adipocytes as well as increased secretion
of proinflammatory cytokines.”’29

As it is known, metabolic homeostasis emerges from the
complex, multidirectional crosstalk between key metabolic
tissues, including liver, adipose tissues and skeletal muscle.'!
OSAS-associated intermittent hypoxia interacts with sys-
temic inflammation, while at the same time modifying white
adipose tissue inflammatory cytokine production. In the
liver, although CRP is mainly synthesized under the control
of IL-6, hepatic CRP mRNA expression is also stimulated by
IL-1 and TNF-.'"*° Similarly, it is claimed that intermittent
hypoxia induces activation of endothelial NF-kB and leads
to irregular adipokine production by activating NF-kB in the
adipose tissue.*® On the other hand, most of the pathological
signalling functions originate from or are associated with the
communication between organs. For instance, changes in
the alveolar-capillary barrier can induce oxidative stress in
the pulmonary microcirculation as well as in the inflamma-
tory cascade. Both changes in the barrier and oxidative stress
predisposes alveolar wall injury and leads to progressive lung
damage cycles.zo Also, many circulating factors after kidney
and liver ischemia-reperfusion injury play a role in the patho-
genesis of pulmonary inflammation.*!~*

3.2 | The lung-gut axis

The gut microbial community has several enzymatic func-
tions to assimilate various dietary nutrients leading to the re-
lease of metabolites having multiple functions in the host.*?
Dysbiosis in gut microbiota is associated with lung disorders
and respiratory tract infections.?' It has been suggested that
the bacterial fragments and metabolites can modulate the im-
mune response in the lung and gut along the bidirectional gut-
lung axis.’! Recent studies findings support that the lungs and
gut are intricately linked organs that influence each others'
homeostasis.>>** Furthermore, human intestinal microbiota
plays a role in the development of both obesity and obesity-
related complications such as NAFLD and OSAS.'** Since
both the lung and the intestines are part of the mucosal im-
mune system, an inflammatory response in one of these or-
gans causes the other to be affected.’® OSAS, characterized
by intermittent hypoxia and sleep fragmentation, has effects
on gut microbiota and it is suggested that such changes lead
to the emergence of systemic inflammatory processes that
promote cardiovascular and metabolic morbidities.* Several

clinical studies suggest that OSAS alters the gut epithelial
barrier, which can lead to inflammation and metabolic dys-
function.®”® According to Nobili et al, OSAS may promote
liver damage by both weakening intestinal barrier function
and promoting endotoxemia and sensitizing the liver to endo-
toxin and proinflammatory stimuli.* So, these pathways may
mediate OSAS-associated liver injury in NAFLD.

Intestinal changes accompanied by microbial composition
and function change and changes in respiratory immune re-
sponses have also been associated with the development of
lung diseases such as asthma and COPD.* Increased evi-
dence suggests an intimate relationship between the intestinal
tract and the respiratory tract, while increased intestinal per-
meability and systemic endotoxemia are claimed to mediate
mechanisms that serve the association of dietary fat content,
microbiota and 0besity.40’41 Also, the evidence is now emerg-
ing that gut dysbiosis plays a causal role in the development
of OSAS-induced hypertension.9 OSAS often does not exist
alone, people with apnoea usually suffer from some other
organ system diseases such as obesity, or diabetes. As OSAS
and obesity are associated with low-grade inflammation and
altered composition of the gut microbiota, a bacterial com-
pound might act as a triggering factor in the development
of obesity, OSAS and inflammation induced by a high-fat
diet.”*

4 | The RELATIONSHIP AMONG
OBESITY, OSAS AND GUT
MICROBIOTA

Many studies confirm that pharyngeal fat deposits in the
upper airway cause respiratory distress during sleep, leading
to OSAS in obese individuals. It is also known that the risk
of metabolic syndrome is higher in both obesity and OSAS
patients.43 “4 Overall, there is a strong link between high fat-
induced alterations in gut microbiota, an increase in harmful
gut bacteria, local and low-grade systemic inflammation ob-
served in obesity.45 Gut microbiota has emerged as one of the
key factors regulating early events triggering inflammation
associated with obesity and metabolic dysfunction (Figure 2).
This effect seems to be related to diet- and obesity-
associated changes in gut microbiota composition, and to in-
creased variation of immunogenic bacterial products, which
activate innate and adaptive immunity in the gut and beyond,
contributing to an increase in inflammatory tone. Innate im-
mune receptors, like Toll-like receptors, are known to be
up-regulated in the tissue affected by most inflammatory
disorders and activated by both specific microbial compo-
nents and dietary lipids.46 Indeed, most OSAS patients are
obese, and in approximately half of the patients, metabolic
syndrome is concurrently present.*” The intestinal microbi-
ota changes, caused by episodic exchanges in blood oxygen
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content may also be due to the association of microbiota-
modulated metabolic alterations (obesity and metabolic syn-
drome) with OSAS.*# Interestingly, newly available data
also support the notion that OSAS per se may feed back into
mechanisms resulting in the development or reinforcement of
obesity.5  However, sleep deprivation can cause impairment
of the gut barrier function. A few days of sleep deprivation in
rats resulted in translocation of gut bacteria and septicemia,
culminating in fatal bloodstream infection.>! Also, it is re-
ported that fragmented sleep activated neutrophils and caused
their migration to the visceral organs in rats.’* It is assumed
that the gut microbiota is actively communicating with the
host and extraintestinal organs like that in the inter-organ
interaction. Therefore, the gut microbiota has been associ-
ated with many diseases, including obesity and inflammatory
diseases.” Additionally, the gut microbiota is an attractive
suspect for involvement in the metabolic and inflammatory
complications of disordered sleep because altered gut micro-
biota has been convincingly associated with obesity, meta-
bolic syndrome and intestinal inflammation.>*>°

5 | THE KNOWN BASIC ACTORS
OF ORGAN INTERACTIONS IN THE
PATHOGENESIS OF OSAS AND
OBESITY

Obstructive sleep apnoea adversely affects multiple organs
and systems, and several conditions associated with OSAS,
such as IR, hypertension, systemic inflammation, visceral
fat deposition and dyslipidemia, are also present in other

TABLE 1

conditions closely related to OSAS, such as obesity and re-
duced sleep duration. These close interactions between obe-
sity and OSAS share the common pathophysiologic feature
of metabolic dysregulation.S

5.1 | Oxidative stress

There is widespread consensus that OSAS is an oxidative
stress disorder. Similarly, oxidative stress plays an impor-
tant role in the development, progression and complications
of obesity.sﬁ’57 Because of the important role of oxidative
stress and hypoxia in the pathophysiology of obesity, atten-
tion has been shifted to possible interactions with OSAS,
particularly the activation of mechanisms common to both
diseases. Apnoea produces a decline in oxygen levels, fol-
lowed by reoxygenation when breathing resumes. The cy-
clical episodes of hypoxia-reoxygenation, analogous to
cardiac ischemia/reoxygenation injury cause ATP depletion
and xanthine oxidase activation, and increase the generation
of oxygen-derived free radicals.”® Intermittent hypoxemia
causes anoxia and reoxygenation in OSAS patients, which
contributes to the production of oxygen radicals and elicits
local and systemic inflammation.> Moreover, it is known
that increased oxidative stress and inflammation in obesity
also enhance OSAS processes (Table 1).% Although adipose
tissue is considered an independent factor for the generation
of systemic oxidative stress, there are several mechanisms by
which obesity produces oxidative stress, such as mitochon-
drial and peroxisomal oxidation of fatty acids, and overcon-
sumption of oxygen in the mitochondrial respiratory chain.’'

The known basic mechanistic actors of organ interactions in the pathogenesis of the relationship of OSAS and obesity. The

interactions between OSAS-obesity or OSAS-the other metabolic dysfunctions both involve similar signalling pathways and sharing of changes in

the pathological process

Related component

Oxidative stress

Inflammation

Metabolic disease or dysfunction

Metabolic syndrome, insulin
resistance, type 2 diabetes,
hyperlipidemia, hypertension,
endothelial dysfunction,
atherosclerosis, increased
cardio-metabolic risk

Known indicators and evidences

Increase of hydrogen peroxide levels; excessive NADPH oxidase activity; enhanced release of superoxide
from leukocytes; increased oxidation of lipids, proteins and DNA; changes of antioxidant defence system;
reduced blood antioxidant capacity; increased expression of eNOS; reduced bioavailability of nitric oxide;
lipid peroxidation (TBARS 1); exhaled 8-isoprostane 1; urinary 8-OhdG 1

Local and/or systemic inflammatory responses; activation of inflammatory cells; activation of NF-kB;
increased expression of TNF-a; enhanced production of inflammatory cytokines (IL-1f, -6 and -8);
increased in proinflammatory vascular mediators; elevated inflammatory biomarkers (CRP/hsCRP,
fibrinogen, pentraxin-3); the other cytokines involved in the inflammatory process (leptin and other
adipocytokines)

Some mechanistic pathways associated with these metabolic dysregulation or disorders

Local or systemic inflammation; increased oxidative strees; central adiposity; hypoxemia; sleep apnoea
or sleep deficiency; decreased p-cell function; abnormal glucose metabolism; increased fat deposition;
chronic low-grade inflammation; hepatic insulin resistance; fatty liver; changes in gut microbiota;
signals from the gut microbiota to distant organs; increased sympathetic activity; low baroreceptor
sensitivity; neurohormonal changes; adipokines (leptin) dysregulation; macrophage infiltration in adipose
tissue;altered lipid metabolism; atherogenic dyslipidemia; vascular dysfunction, impaired cardiovascular
variability
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The fat accumulation increases Nox activity and ER stress in
adipocytes lead to increased ROS production. Additionally,
abnormal postprandial ROS production, hyperleptinemia,
chronic inflammation, tissue dysfunction and low antioxidant
defence are other factors contributing to oxidative stress in
obesity.62

5.2 | Inflammation
Many local and circulating inflammatory biomarkers are also
elevated in obesity, and disentangling obesity from OSAS-
related effects is a challenge, especially given the high cor-
relation between the apnoea -hypopnea index and body mass
index. Obesity may magnify the effects of OSAS because
macrophages in fat are likely the target cells for the effects
of chronic intermittent hypoxia, leading to increases in in-
flammatory biomarkers; thus, OSAS and obesity may have
synergistic effects.'® Obese patients affected by OSAS dis-
play neutrophilic airway inflammation. In a previous study
results, it is suggested that airway inflammation may be the
consequence of the mechanical stress on the mucosa because
of the intermittent obstruction of the upper airways typical of
the OSAS.% It is widely accepted that the role of OSAS in
the progression of endothelial damage is mediated by inflam-
mation. Indeed both obesity and OSAS are associated with
vascular endothelial inflammaition, and increased risk for
cardiovascular diseases. However, OSAS is thought to be re-
sponsible for vascular endothelial dysfunction, inflammation
and increased oxidative stress in obese patients (Table 1).64
In a study, it has been suggested that NF-kB appears to
play a key role in mediating the inflammatory and cardio-
vascular consequences of OSAS, and may regulate inflam-
matory signalling in the adipose tissue of OSAS patients.31
In addition to factors such as genetic, environmental and
lifestyle, it is assumed that interactions between OSAS and
obesity cause systemic inflammation by activating patho-
physiological pathways at increased levels of TNF-o and
IL-6. According to a meta-analysis study, it is noteworthy,
that in 27 of the 37 studies published so far adult patients
with OSAS, showed higher circulating TNF-a levels than the
controls did.%® The association between OSAS and obesity
is known to cause intermittent hypoxia and sleep fragmenta-
tion.>'* In this togetherness process, disruption of both OS
and microbiota leads to increased gut permeability through
activation of cellular immune pathways and consequently to
increased inflammatory mediators such as TNF-a and IL-6.

5.3 | Metabolic dysregulation

OSAS and obesity are important risk factors for metabolic
dysregulation and they may act synergistically. In previous

years, it has been noted that OSAS and obesity share similar
pathophysiologic mechanisms, potentially leading to cardio-
vascular disorders.'®!” OSAS adversely affects multiple or-
gans and systems, with particular relevance to cardiovascular
disease. Several cardiometabolic alterations have been associ-
ated with OSAS, independently of obesity and other potential
confounders.’ Among the most important are glucose intoler-
ance and IR, which are risk factors for the development of di-
abetes and cardiovascular disease.® IR, liver dysfunction and
atherogenic dyslipidemia, which are common metabolic dis-
orders associated with OSAS, are important pathogenic fac-
tors in both obesity and OSAS (Figures 1, 2, and Table 1).6
The relationship between metabolic disorders and OSAS is
multidirectional. Moreover, OSAS alters glucose metabo-
lism, promotes IR, and is associated with development of
metabolic syndrome, type 2 diabetes and NAFLD.*” OSAS
or sleep deprivation would elevate the risk of developing IR,
while diabetes would worsen the quality of sleep.15 Pamidi
and Tasali suggested that there is a mutual causal relationship
between OSAS and type 2 diabetes, and particularly visceral
adiposity was claimed to be a preparative and confounding
factor in this interaction.®® In a more recent study highlight-
ing the interconnectedness and pathophysiology of OSAS
and diabetes, it has also been emphasized that OSAS may
increase the risk of complications related to diabetes.”

On the other hand, leptin, a peptide hormone produced
primarily in white adipose tissue, regulates energy homeo-
stasis, metabolism, inflammation and sympathetic nerve ac-
tivity. Many human studies using single leptin measurements
have shown that blood leptin levels increase in patients with
OSAS as compared to the controls.”’ In a study on whether
blood and leptin levels are correlated with the severity of
sleep apnoea, Oztiirk et al’' reported a positive correlation
between plasma leptin levels and OSAS severity regardless
of age and BMI. Also, leptin plays an important role in both
obesity-induced oxidative stress and inflammation as mul-
tiple regulatory mechanisms. It is suggested that OS and
hyperleptinemia play an important role in the pathogenesis
of OSAS, intermittent hypoxia-related cardiovascular and
metabolic disorders and may increase mortality in OSAS
and obesity.72 In recent studies, researchers have provided
convincing evidence that insufficient sleep is a risk factor
for obesity, IR and type 2 diabetes.”>™ Since the repair of
damaged tissues and organs occurs during sleep, the risk of
diabetes, hypertension, heart and kidney diseases increases
in case of sleep deficiency.73 This increased risk of end-organ
diseases is another evidence of inter-organ interaction in the
association of OSAS and obesity. It is known that sleep ap-
noea results in sleep fragmentation and intermittent hypoxia,
which lead to and exacerbate obesity and type 2 diabetes by
increasing sympathetic activity, oxidative stress, inflamma-
tion and lipolysis.n’73 Consequently, obesity and OSAS ap-
pear to contribute to the initiation and progression of each
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other, possibly through their shared effects on the recruitment
and potentiation of inflammatory pathways.75

Previous studies have shown that the alterations of gut mi-
crobiota, and its metabolic products regarded as key players
in the pathogenesis of many diseases.’®’” It has been realized
that impaired gut microbiota not only contributes to meta-
bolic diseases, including obesity, diabetes and IR but also is
inextricably linked to cardiovascular diseases and even cen-
tral nervous system.’’ Interestingly, some authors suggest
that altered sleep and oxygenation patterns, as seen in OSAS,
will promote specific alterations in the gut microbiota that
in turn, will elicit the immunologic alterations that lead to
OSAS-induced end-organ morbidities.*® Chronic intermittent
hypoxia is accompanied by considerable and reproducible
changes in gut microbial communities. Interestingly, an an-
imal model of OSA demonstrated that induced intermittent
hypoxia in mice caused alterations in microbiota composi-
tion and diversity, and especially enhanced the Firmicutes/
Bacteroidetes ratio as compared to the controls.”® In another
mice study, it has been reported that chronic sleep disruption
leads to changes in microbiota by increasing intestinal per-
meability, and an increase in fat mass as well.” According to
these study results, faecal microbiota composition and diver-
sity are altered as a result of intermittent hypoxia realistically
mimicking OSAS, suggesting the possibility that physiolog-
ical interplays between host and gut microbiota could be de-
regulated in OSAS. Moreover, a new clinical study support
that changes in the gut microbiota have a pathophysiological
role in OSAS, and to be associated with the pathophysiology
of metabolic comorbidities in patients with OSAS.%

6 | THE METABOLIC CHANGES
RELATED TO SOME TREATMENT
APPLICATIONS

OSAS is a complex condition, and treatment cannot be
limited to any single symptom or feature of the disease.®®!
Lifestyle changes and weight loss are cornerstones of OSAS
therapy. Some authors support the claim that weight loss may
lead to an improvement in the severity of OSAS and may
even lead to a resolution.* Additionally, exercise and the
Mediterranean diet have positive effects on the severity of
OSAS, independently of weight loss.®! Naturally, polysom-
nography represents the gold standard to confirm the clinical
suspicion of OSAS, to assess its severity and to guide thera-
peutic choices. Also, behavioural,83 medical and surgical
options are available for treatment.>* According to another
group of authors, the mainstay of treatment for OSAS is con-
tinuous positive airway pressure (CPAP) therapy in adults
and adenotonsillectomy in children. Even though these thera-
pies are effective in resolving the sleep-disordered breathing
component of OSAS, they do not always produce helpful

WILEY-L*

effects on metabolic function.* Although CPAP represents
the preferred treatment for most patients, a multidiscipli-
nary and integrated strategy is required to achieve effective
and long-term therapeutic success.’ Weight loss, especially
through bariatric surgery, has been shown to reduce the se-
verity and symptoms of OSAS and, sometimes though not
always, result in its complete resolution.®

There is growing evidence that treatment with CPAP
can reduce inflammation and oxidative stress. For example,
our study group demonstrated a decrease in inflammation
and oxidative stress levels in the respiratory tract of pa-
tients with OSAS with CPAP treatment.*® This treatment
also helped decrease systemic oxidative stress levels in the
serum. Also, the results of a meta-analysis study suggest
that OSAS is significantly associated with airway inflam-
mation and elevated fractional exhaled nitric oxide levels
can be modified by long-term CPAP therapy.®” Although
insulin sensitivity, and control of hyperglycemia in obese
patients with OSAS, are among the therapeutic targets, the
conclusions on the efficacy of CPAP therapy in IR, met-
abolic syndrome or diabetes are controversial. It is found
that the CPAP treatment significantly improved IR, and
indicated that treating OSAS could positively impact the
symptoms of type 2 diabetes.®® However, in a meta-analy-
sis study evaluating evidence for the efficacy of CPAP in
patients with type 2 diabetes and OSAS, CPAP therapy that
did not affect HbAlc levels was reported not to improve
glycemic control.%’ Additionally, another meta-analysis
study showed that CPAP could significantly reduce leptin
levels in OSAS patients without concomitant weight loss.”®
Interestingly, obesity-related changes in the gut microbi-
ota, such as increased intestinal permeability, LPS trans-
location, and low-grade systemic inflammation, as well
as glucose tolerance and hyperphagic behavior, have been
reversed by probiotics. Also, probiotics have been reported
to cause an improvement in hypothalamic insulin and leptin
resistance.”’ A healthy diet and appropriate lifestyle mod-
ifications towards better control of metabolic function are
equally important as CPAP treatment in the holistic man-
agement of OSAS. In other words, a multidisciplinary
treatment plan should be applied, considering inter-organ
interaction in the treatment of both OSAS and obesity.

7 | CONCLUSION

According to the existing literature data, OSAS and obesity
adversely affect many organs and systems. In general, the
communication network associated with OSAS and obesity
is affected by the lung, adipose tissue and gut microbiota.
Given the known pathophysiological triggers of intermit-
tent hypoxia and sleep fragmentation in OSAS, the poten-
tial mechanisms of OSAS-obesity and other dysfunction
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interactions involve sympathetic activation, oxidative
stress, inflammation and metabolic dysregulation changes.
Recently, the gut microbiota is accepted to be interrelated
in the pathogenesis of OSAS and obesity, and therefore,
may be a potential factor responsible for OSAS-obesity
coexistence. When the relation between OSAS and obe-
sity has been extensively evaluated, it is implicated that it
has shown bidirectional causality with each other, and that
it may have mutual interaction with the other metabolic
dysregulations.

In the diagnostic approach to the relationship between
OSAS and obesity, organ interactions among the lungs, ad-
ipose tissue and gut should be especially noted. Also, effec-
tive treatment options in these cases should be managed well.
Although CPAP is a standard treatment for OSAS, dietary
and lifestyle changes are also crucial for the overall manage-
ment of the OSAS-obesity relationship. Based on the current
data, the gut microbiota may be a potential therapeutic target
for both OSAS and obesity. However, comprehensive clini-
cal trials addressing the efficacy and efficiency of current or
potential treatments on therapeutic applications in the OSAS-
obesity relationship are needed.
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