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Obstructive sleep apnea (OSA) is a common disease that is often under-diagnosed and under-treated in all ages.
Personalized medicine in OSA should focus on the management of patients’ comorbidities. Comorbidities of OSA
are more common in adult or elderly patients than children. These include chronic respiratory diseases,
cardiovascular diseases, and endocrinological or neurological disorders. The optimal management of OSA, using a

personalized approach, should target comorbidities which may improve patient outcomes.

OSA CPAP personalized management Comorbidities

1. Personalized Approaches for Patients with Obstructive
Sleep Apnea (OSA) and Airway Diseases

1.1. OSA and Allergic Rhinitis

The first upper airway disease which is comorbid with OSA is allergic rhinitis (AR), called AROSA (allergic rhinitis
and OSA) W. A meta-analysis of 44 studies involving 6086 participants found that the proportion of OSA adults with
AR was 35.2% (95% CI, 25.6—-44.7) and the percentage of OSA children with AR was 45.2% (95% ClI, 25.4-65.0)
[2 The prevalence of OSA in AR patients may even be up to 79.7% in young people B. The results of the previous
research showed that OSA in patients with persistent allergic rhinitis was more severe than in healthy subjects (AHI
=17 £ 12 vs. 6 £ 3; p < 0.01); in particular, treatment with an antihistamine combined with a leukotriene receptor
antagonist, or with intranasal steroid alone, made a significant reduction in the severity of OSA, measured by AHI
(8+4vs17 +12; p<0.01) 4.

Thus, personalized approaches for patients with AROSA should be based on the pathophysiology of both diseases.
The pathogenesis of the association between AR and OSA (AROSA) is quite complex. The nose and upper airway
regulate more than 50% of airway resistance, which plays a very important role in performing the physiological
function of the respiratory system. Frequent unilateral or bilateral nasal congestion results in a significant increase
in total airway resistance . In addition, according to the Starling resistance model, the upper airway acts as a
hollow tube which is capable of constricting proximal of the inlet (nostril) and in the posterior segment of the
collapse of the pharynx; the presence of an obstruction upstream (nose) will create a negative pressure (suction) in

the downstream (pharynx), leading to collapse of the pharynx (soft tissue structure) in “at-risk individuals” (Figure
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1). Moreover, the increased resistance in the nose will increase the habit of breathing through the mouth, making
the upper airway unstable (easy to collapse) and inducing OSA B,
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Figure 1. Mechanism of obstructive sleep apnea (OSA) related to pharynx collapse due to the increase of

upstream and downstream pressure and resistance.

The mediators produced from AR, such as histamine, cysteinyl leukotrienes, and interleukins, also cause the
manifestations of nasal obstruction and sleep disruption in patients with OSA. Patients with OSA also have
elevated levels of mediators such as tumor necrosis factor TNF, interleukin 6, and interleukin 1, which are Th2-
activating cytokines, which may aggravate symptoms of AR [&. Thus, the personalized management of AROSA
should be based on the use of topical corticosteroids and leukotriene receptor antagonists 2. The treatment of
AR with intranasal corticosteroids may reduce the symptoms of the disease, especially nasal congestion. This
personalized treatment combined with improved sleep hygiene or weight loss may improve fatigue, excessive
daytime sleepiness, and quality of life in patients with AROSA 2,

1.2. OSA and Obstructive Lung Diseases
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Obstructive lung diseases (OLDs) such as COPD (chronic obstructive pulmonary disease) and asthma are usually
comorbid with OSA and named OLDOSA (obstructive lung disease and OSA) (Figure 2). OLDs share common risk
factors with OSA such as smoking, obesity, and GERD [PII2AL] | 3 10-year longitudinal follow-up study of 4980
patients with asthma, COPD, and OSA as comorbidities, the 10-year cumulative all-cause mortality was 52.8%;
median time to death was 2.7 years. Rate of death in the comorbid group was: COPD—OSA 53.2%, asthma—COPD
62.1%, asthma—OSA 63.5%, and asthma—COPD-OSA 67.8% (12, In the multicenter research published previously,
the percentage of patients having moderate or severe OSA, defined as AHI > 15/h, was significantly higher in
subjects with asthma—COPD overlap (ACO) than that in subjects with asthma and COPD (64.4% versus 35.5%
and 36.4%; p < 0.01 and p < 0.01, respectively). In addition, the mean AHI in patients with ACO was significantly
higher than that in those with asthma and COPD (p < 0.05 and p < 0.05, respectively) (1],

ASTHMA

Figure 2. Comorbid obstructive lung disease and obstructive sleep apnea. ACO: Asthma—COPD overlap; COPD:
chronic obstructive lung disease; OSA: obstructive sleep apnea; OLDOSA: obstructive lung disease and
obstructive sleep apnea.

OSA and OLD have a bidirectional effect probably as a result of the common risk factors, nasopharyngeal
pathology, increased airway resistance, hypoxemia, bronchospasm, local and systemic inflammation, and anti-

inflammatory therapy [2l. All of these conditions have nocturnal hypoxemia, but OSA is characterized by intermittent
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hypoxemia during the night, while in COPD or asthma hypoxemia is continuous, both day and night, and is often

aggravated at night. To diagnose OSA in patients with OLD, the attended PSG in sleep lab should be performed.

The management of patients with OLDOSA should be personalized. Treatment with CPAP in patients with
OLDOSA may reduce mortality and improve quality of life compared with no CPAP 131, CPAP improves day and
night symptoms in asthmatic patients with OSA, reduces bronchodilator use and exacerbations, and improves lung
function and quality of life. Treatment with CPAP in patients with OLDOSA needs to be personalized to improve
patient adherence. CPAP treatment in adults and tonsillectomy in children with OLDOSA should be done only after
optimizing the treatment of OLD. Due to the high prevalence of OSA in OLD, OSA should be screened in patients
with OLD in order to confirm OLDOSA, personalize the therapy, and improve quality of life and mortality in these

patients.

2. Personalized Approaches for Patients with OSA and
Cardiovascular Diseases

2.1. General Considerations

The personalized management of OSA in patients with cardiovascular diseases is very important because the
prevalence of comorbid cardiovascular diseases and OSA (CAVADOSA) is very high 1415 CAVADOSA has a
negative impact on patient outcomes due to the increase in fatal and non-fatal cardiovascular morbidity and
mortality. CAVADOSA may also reduce the patient’s quality of life and increase medical costs due to the severity of
OSA [14] Therefore, the personalization of CAVADOSA management is based on the early diagnosis and the

appropriate treatment of cardiovascular diseases with comorbid OSA to effectively improve patient outcomes 18],

2.2. Personalization of OSA Diagnosis in Patients with Cardiovascular Diseases

Despite the high frequency of CAVADOSA, it is often underdiagnosed. This may be due to the lack of interest from
cardiologists or the lack of diagnostic facilities such as PSG or RPG and available sleep labs. Furthermore,
patients with CAVADOSA rarely complain about their sleep quality and snoring to cardiologists. In addition, a
significant proportion of patients with CAVADOSA do not present with common characteristics of an OSA patient,
such as male gender, daytime sleepiness, or snoring. In patients with CAVADOSA, the predominant symptoms are
often related to the underlying cardiovascular disease 1718l Therefore, to diagnose and treat OSA early in
cardiovascular patients, a personalized approach will help physicians to actively identify high-risk patients for
CAVADOSA with resistant hypertension, recurrent atrial fibrillation, or nocturnal angina. Appropriate investigations
such as sleep medicine consultation within attended PSG in available sleep labs should be used to further evaluate

these patients.

2.3. Personalization of OSA Treatment in Patients with Cardiovascular Diseases
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In patients with CAVADOSA, both conditions should be treated concurrently. Lifestyle modifications are important
for CAVADOSA. The role of ideal body weight maintenance has been confirmed in these patients 22, Interestingly,
10% of weight gain may increase the risk of OSA by six times [2%: inversely, 10% of weight loss might reduce the
severity of AHI by 26% [21. The personalized treatment of OSA in subjects with CAVADOSA should also focus on

alcohol cessation and smoking cessation which would simultaneously reduce the risk of cardiovascular disease.

Among the specific treatments for OSA in patients with CAVADOSA, PAP (positive airway pressure) with CPAP,
BiPAP (bilevel positive airway pressure), or auto SERVO should be personalized to achieve optimal outcomes.
Although CPAP therapy is the most studied treatment in patients with CAVADOSA, the alternative methods should
be individualized in these patients. Adequate treatment with CPAP might reduce major cardiovascular and
cerebrovascular events, risk of stroke, transient ischemic accident, and fatal and nonfatal cerebrovascular events
(141 The personalized treatment of CPAP for patients with CAVADOSA should be prioritized as current
recommendations suggest the use of CPAP at least four hours per night and five days per week 4. Measures to

improve CPAP adherence and effectiveness should be personalized for each patient with CAVADOSA.

3. Personalized Approaches for Patients with OSA and
Diabetes

3.1. General Considerations and Personalized Approach

Type 2 diabetes mellitus (T2DM) and OSA are closely related and comorbid with significant public health
implications. Both diseases have a high incidence and overlap in common risk factors, including obesity, older age,
and higher prevalence in men [22. OSA is an independent risk factor for the development of T2DM and the
prevalence of T2DM in OSA patients is between 15-30%. In addition, severe OSA also leads to poorer glycemic
control in T2DM patients (23 The meta-analysis conducted by Huang et al. demonstrated that the risk of
developing OSA was 2.14-fold (95% ClI, 1.49, 3.07) in patients with T2DM after adjusting for age; the risk of T2DM
after 10-18 years in OSA patients was 2.97-fold (95% CI, 2.40, 3.69) and decreased to 2.06 (1.86, 2.28) after
adjusting for multiple confounding factors [22l. The prevalence of OSA in obese T2DM is up to 86.6% 23],

3.2. Personalized Treatment of OSA Patients with Comorbid Diabetes and
Metabolic Syndrome

OSA has also been shown to be closely comorbid with metabolic syndrome. The term “Z syndrome” has been used
to describe the association between obesity, insulin resistance, hypertension, and dyslipidemia with OSA. The OR
(odds ratio) index of metabolic syndrome in OSA patients ranges from 5 to 9-fold when compared with subjects
without OSA, and independent of age and BMI [24l23]126] Dye to the bidirectional association between T2DM or
metabolic syndrome and OSA [2[23](271[281(29] the personalized management of these comorbid diseases should be

performed to avoid the high risk of fatal cardiovascular events.
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In severe or symptomatic OSA patients, CPAP therapy is the main approach because of its effectiveness in
reducing AHI and symptoms. Although several trials have shown that CPAP therapy in OSA patients with T2DM did
not significantly reduce HbA1C levels or BMI, nor improve blood glucose, CPAP therapy could improve insulin
sensitivity and reduce insulin resistance assessed by the HOMA-IR (Homeostatic Model Assessment Index) B231]
(32 However, the common limitation of most trials is that the duration of CPAP used during sleep is usually less
than 4 h. In another study 33! patients who took CPAP for at least 4 h/night (6.6 h/night) could achieve a significant
improvement in HbAL1C. The personalization of OSA management in patients with comorbid T2DM should be
based on weight loss (for overweight and obese people) for helping to better control blood sugar and reducing the
AHI; in particular, 10% of weight loss can predict a 26% decrease in AHI (2. More recently, randomized controlled
trials with 4 years of follow-up have indicated that weight loss can alter OSA severity with a mean AHI reduction of

0.78 events/h for every kilogram of weight lost [34135],

4. Personalized Approaches for Patients with OSA and
Insomnia

4.1. Personalized Diagnosis

A typical symptom of OSA is hypersomnia which is defined by daytime sleepiness. However, some patients with
OSA have the symptoms of insomnia, named COMISA (comorbid insomnia and OSA). Due the high prevalence of
insomnia and COMISA in the general population and in patients with OSA B84 and due to the complexity in
diagnosis and treatment of COMISA, the management of this disease should be personalized. Insomnia is defined
as difficulty falling asleep, waking up in the middle of the night and having difficulty getting back to sleep, or waking
up earlier than desired with an impact on daytime functioning 8. Patients with COMISA often have more severe
daytime symptoms, and the frequency of neuropsychiatric and cardiovascular disorders is also higher than in the
general population. A previous study showed that, among patients with COMISA, 35% had AHI = 5 times/hour and
29% had AHI > 15 times/hour 32,

4.2. Personalized Treatment

For patients with COMISA, personalized treatment aims to resolve different challenges including sedative-induced
severe OSA, CPAP treatment-induced insomnia, poor CPAP adherence, and the efficiency of balanced OSA—
insomnia treatment. Luyster et al. reported on symptoms of OSA and insomnia and showed that only a few clinical
features were distinct, with most daytime and nocturnal complaints shared by both patients; and there was a
significant overlap in symptoms between insomnia and OSA (COMISA). Hence, it is difficult to determine a causal
relationship between OSA and insomnia in individual patients. Different treatment responses may indicate whether

OSA s primary or secondary to the insomnia component and vice versa.

The personalized diagnosis and treatment of COMISA always requires multidisciplinary collaboration. Combined
therapy, including cognitive behavior therapy (CBT) for the treatment of insomnia and for OSA, may result in a

greater improvement than treatment with CPAP alone BZ. The assessment of symptom improvement in patients
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with COMISA should be measured by the degree of insomnia and daytime function. In these patients, pre-
administered CBT for insomnia might increase CPAP tolerance and improve insomnia in comparison with CPAP

alone. The effectiveness of CBT remains unaffected by OSA.

5. Personalized Approaches for Subjects with OSA and
Genetic Defects and Other Disorders

5.1. Personalized Approach and Diagnosis

The personalized approach in patients with genetic defects and OSA is necessary for optimizing the patients’
outcomes. Particularly in individuals with Down syndrome (DS), OSA is observed in up to 85-93% compared with 7
to 13% of the general population 2241 The prevalence of OSA in these subjects is associated with a variety of
genetic, anatomical, endocrine, and metabolic abnormalities. Its main cause is an extra chromosome at position 21
causing asymmetrical skull structure, upper airway narrowing, hypotonia, hypothyroidism, or obesity 421431441 Both

children and adults with DS are particularly affected by OSA.

The personalized diagnosis of OSA in patients with DS (DOSOSA: Down syndrome and OSA) is based on the
clinical characteristics and PSG. Neurophysiological analysis should be performed to identify the specific features
of PSG. In the DS population, PSGs usually report a high prevalence of OSA and an association between degree
of mental retardation and duration of REM sleep, which might play a potential role in deficit perception of people
with DS [42]48] Sleep fragmentation caused by apnea/hypopnea episodes might be considered as the cause of
neurocognitive dysfunction, impaired quality of life, and increased risk of occupational accidents in patients with
DOSOSA. In the DS population, obesity is very common and develops from childhood. The relationship between
obesity, fat deposition, and OSA severity has been well established in the DOSOSA population [32471[48]149]
Obesity is a pathology more frequent in people with DS because they have the genetic predisposition to develop
obesity 39,

Moreover, there seems to be a link between genetic factors and the development of OSA-related cognitive decline.
The €4 isoform of apolipoprotein € (Apog4) has been found to be an early marker of Alzheimer’s disease B, It is
overexpressed in subjects with DS, confirming the risk of developing this disease. Thus, OSA-related cognitive
disorders and the development of Alzheimer’s disease are also closely linked B2, Other genetic factors may also

influence craniofacial morphology and obesity 23541 and thus may increase the risk of OSA [B3[56],

5.2. Personalized Treatment

Currently, there is no personalized and potential treatments for OSA in subjects with genetic defects. CPAP therapy
may be an ineffective treatment option because of poor tolerability and adherence 2. Therefore, the personized
approach should focus on the necessity of early diagnosis of OSA in this population to minimize its harmful

complications. The current personalized and alternative therapy without CPAP in people with DOSOSA with non-
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severe AHI is based on a program of physical activity combined with the implementation of rigorous dietary and

lifestyle measures [58l,

Finally, the diagnosis and treatment of OSA comorbid with other disorders should be personalized for having an
accurate diagnosis and optimal treatment for each given patient in clinical practice. For each given comorbid
disease, the personalized patient with OSA should benefit from a multidimensional approach and treatment (Figure
3).

GENERAL APPROACH

- Symptoms of OSA
- Epworth, STOP-BANG
- Sleep Lab: PSG,RPG

OSA

PERSONALIZED
APPROACHES

AGE GROUP COMORBIDITIES

- Childrenwith OSA - AROSA, OLDOSA
- Adult with OSA - CAVADOSA, T2DM/OSA
- OSAin Elderly People - COMISA,DOSOSA

" PATHOPHYSIOLOGY

- Anthropometry
- Pathogenesis
- Clinical phenotypes

~

PERSONALIZED
THERAPY/FOLLOW-UP

- Personalized outcomes
- Long-term follow-up

Figure 3. Framework of personalized approaches for diagnosis and treatment of OSA. OSA: obstructive sleep
apnea; PSG: polysomnography; RPG: respiratory polygraphy; AROSA: allergic rhinitis and OSA; OLDOSA:
obstructive lung disease and OSA; CAVADOSA: cardiovascular diseases and OSA; T2DM: type 2 diabetes
mellitus; COMISA: comorbid insomnia and OSA; DOSOSA: Down syndrome and OSA.
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