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Normal Sleep and Age-Related Changes

Sleep Needs Over Live Span

• Infants 2-12 Mo 14-15 Hr

• Toddler 18 Mo-3 Yr 12-14 Hr

• Children 3-5 Yr 11-13 Hr

• Children 5-12 Yr 9-11 Hr

• Adolescents 8.5-9.5 Hr

• Adults 7.9 Hr

Sleep Cycle Pattern Over Life Span



2 Process (Homeostatic and Circadian) Model of Sleep



Prevalence of Sleep-Disordered Breathing
Young T et al. AJRCCM 2002;165:1217-1239; Punjabi NM Proc Am Thorac Soc 2008;5(2):136-143

• With changing obesity patterns: Wisconsin cohort OSA estimates were revised to 34% of Men, 17.1%        
women ages 30-70 (AHI > 5); With EDS 14% men, 5% women

• 2015 Swiss study (n=2000): 49% men, 23.4% women had moderate-severe OSA (AHI > 15)
• Assuming 10% US has OSA=30M, currently 4-5M on treatment for OSA in US



Sleep Apnea Risk: Airway Anatomy



Sleep and Allergic Rhinitis
Soose RJ Otolaryngol Clin N Am 2011;44:625-635

Survey: Impact of Nasal Congestion on Sleep
N=2355 Patients with Allergic Rhinitis

Reported Severe Symptoms in Patients 
with Allergic Rhinitis



Proposed Bi-directional Link: OSA and Asthma
Wang R et al. Sleep Med Rev 2022;61:101564

Influencing Factors:
Circadian Clock: PEFR, FEV-1 lowest at night, Peak of eosinophils, neutrophils at 4 AM
Chronic Intermittent Hypoxia: Increase airway inflammation, bronchial epithelial proliferation
Sleep Fragmentation: Increased collapsibility of upper airway



Asthma and OSA in Adults and Children: 
Intermittent Hypoxia and Airway Inflammation

Wang R et al. Sleep Med Rev 2022;61:101564



Sleep and Circadian Rhythm Influence
Sleep Stage and CO2 Response

Douglas NJ Clin Chest Med 1985

Circadian Variation of Nasal Congestion
Craig TJ Am J Otolaryngol 2008;29:211



Sleep Apnea and Inflammation
McNicholas WT Progress in Cardiovascular Diseases 2009;51:392-399

Inflammatory Biomarkers in Sleep Apnea

• C-Reactive Protein

• TNF-alpha

• IL-8

• IL-6

• Cell Adhesion Molecules



Rhinitis, Sinusitis and Upper Airway Disease: Role 
of Inflammatory Mediators

Zheng M et al. Curr Opin Allergy Clin Immunol 2018;18:16-25



Allergic Rhinitis and Sleep Outcomes: Meta-analysis
Liu J et al. PLOS One 2020;15:e0228533



Sleep Apnea is Commonly Associated With Allergic 
and Non-Allergic Rhinitis

Zheng M et al. J Clin Sleep Med 2017;13:959-966



Anti-Inflammatory Medications for Sleep Apnea in 
Children: Nasal Corticosteroids

Kuhle S et al Cochrane Database of Systematic Reviews 2020;1:CD007074
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Anti-Inflammatory Medications for Sleep Apnea in 
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CPAP Therapy and Effect on Asthma: Improved Control
Serrano-Pariente J et al. Allergy 2017;72:802-12



CPAP Therapy and Effect on Asthma: Compliance Effect
Serrano-Pariente J et al. Allergy 2017;72:802-12



OSA, Asthma, FEV-1 Decline: CPAP Effect
Wang T-Y et al BMC Pulm Med 2017;17:55



Chronic Cough: Phenotypes and Presentations
Rouadi PW et al. World Allergy Organization Journal 2021;14:100618



Chronic Cough and Sleep Apnea
Wang T-Y et al. Cough 2013;9:24



Chronic Rhinosinusitis (CRS) and Sleep
Mahdavinia M et al Expert Rev Anti Infect Ther 2017;15:457-465

• CRS affects more than 10M Americans, limiting productivity, 
significant QOL loss and high financial burden (60B/year)

• CRS patients commonly have poor sleep complaints (60-75%) 
compared to general population (8-18%)

• The Pittsburgh sleep quality index (PSQI) questionnaire was used to 
determine that 75% of CRS patients report abnormal scores

• Some studies found that functional endoscopic sinus surgery 
improved sleep symptoms (reduction in PSQI) and resulted in a mild 
reduction of AHI



Chronic Rhinosinusitis: GA2LEN Study
Bengtsson C et al. Sleep 2017;40:1-6

Swedish Questionnaire study of 26,647 participants, 2,249 patients with CRS



Chronic Urticaria and Sleep
Ates H et al.  J Cosmet Dermatol 2022;21:4072-4079

• 21 patient study with chronic urticaria compared to 19 controls
• Greater degree of sleepiness (ESS > 10): 52.4% vs. 5.3%
• Greater prevalence of all 4 symptoms of sleep apnea (snoring, 

witnessed apneas, sleepiness, fatigue): 47.6% vs. 0%
• Greater prevalence of sleep apnea (AHI > 5): 44.4% vs. 5.3%
• Chronic Urticaria Quality-of-Life Questionnaire (sleep problem 

subset): positive correlation with sleep latency



OSA and ACE Inhibitors: AHI, Cough, Mortality
Cicolin A et al. Mayo Clin Proc 2006;8:53-55

Lao M et al. BMC Pulm Med 2022;22:99



Positive Airway Pressure Therapy
PAP Options: CPAP, Travel CPAP, BiLevel, Auto-CPAP, Auto-Bilevel, Adaptive-

Servo Ventilation (ASV), Cflex, Biflex, EPR, VPAP, S, ST, iVAPS



Mask Interfaces



PAP Use: Anticipating Tolerance, Alternative Rx
Shusterman D. et al J Allergy Clin Immunol Pract 2017;5:628-39



PAP Side Effects: Rhinitis, Sinusitis-Better or Worse?
Skirko JR et al. JAMA Otolaryngol Head Neck Surg 2020;146:523-529

• CPAP side effect present 15-45% of patients: skin irritation, dry 
mouth, air leak, mask discomfort, claustrophobia, nasal symptoms

• Nasal complaints can occur in 44-65% of CPAP users: nasal 
obstruction, rhinorrhea, nasal dryness, sneezing

• Early nasal evaluation important: the best predictor of CPAP 
adherence is usage within the first 7-14 days of therapy initiation

• CPAP improved subjective nasal congestion but less in patients with 
baseline allergic rhinitis



CPAP, Nasal Corticosteroids and Nasal Patency
Balsalobre L et al. Braz J Otorhinolaryngology 2021;87:326-332



CPAP, Nasal Corticosteroids and Nasal Patency
Balsalobre L et al. Braz J Otorhinolaryngology 2021;87:326-332

10 patients treated for 28 days demonstrated subjective and objective (incr. nasal cavity volume, incr. peak nasal inspire flow)



CPAP, Nasal Inflammation, Heated Humidity: 
A Crossover Study

Koutsourelakis I et al. Euro Respir J 2011;37:587-594
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Koutsourelakis I et al. Euro Respir J 2011;37:587-594



CPAP, Bacterial Colonization, Chronic Rhinosinusitis
Chin CJ et al J Clin Sleep Med 2013;9:747-750

(+) CPAP reservoir culture, while common, does not seem to lead to increased symptomatology of CRS



CPAP, Nasal Symptoms, Allergic Rhinitis
Yang Q et al Therapeutics and Clinical Risk Management 2018;14:1507-1513

CPAP associated with a higher incidence and worsening of allergic rhinitis, HDM differences in CPAP filter not seen



Sleep Apnea-Allergic Disease Summary

• Both sleep apnea and allergic diseases are common, associated with 
significant life impairment and health cost utilization

• Sleep disturbances are common in patients with allergic diseases

• There appears to be a bi-directional association between sleep apnea and 
upper airway disease such as asthma, allergic rhinitis and chronic 
rhinosinusitis

• The treatment of sleep apnea or airway disease may have a positive 
effect on the other

• Early identification and intervention for upper airway disease may 
improve CPAP tolerance

• CPAP side effects are common but interventions such as nasal steroids 
and heated humidity can help minimize side effects


