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Sleep architecture as a function of age

Arch Intern Med 2004;164:406-18.



Effect of aging on the architecture of sleep

Semin Respir Crit Care Med 2010;31:618-33.



Typical changes in sleep patterns with age

Semin Respir Crit Care Med 2010;31:618-33.



Prevalence of sleep-disordered breathing

Arch Intern Med 2002;162:893-900.



Pathophysiology of OSA

• Small & collapsible upper airway

• Poor upper airway muscle function

• Low arousal threshold

• Respiratory instability (high loop 

gain)

Lancet. 2014;383(9918):736-747.
Chest 2018;153:744-55.



Effects of aging on the pathophysiology of OSA

Semin Respir Crit Care Med 2010;31:618-33.



Upper airway anatomy and collapsibility

• A preferential deposition of parapharyngeal fat 

with aging.

• Increased pharyngeal collapsibility during 

sleep in older as compared with younger 

individuals.

• As the length of the airway increases, it 

becomes more prone to collapse (men, 

menopaused women).

Am J Med 2006;119:72.e9-14.



Upper airway dilator muscle activity

• The ability of the genioglossus muscle (the major pharyngeal dilator muscle) 

to respond to increases in pharyngeal negative pressure is impaired with 

aging, yielding a more vulnerable airway.

Am J Med 2006;119:72.e9-14.



Lung volume changes

• An increase in lung volume can apply a caudal traction 

force on the trachea and larynx.

• Such traction can induce longitudinal tension on the UA, 

reduce the intraluminal pressure required to close and 

reopen the UA, as well as decrease the pressure exerted 

on the UA walls by surrounding tissues, all of which may 

assist in patency.

• Lung compliance is known to increase with aging.

• Aging-related decrements in lung elastic recoil could 

compromise pharyngeal mechanics.

• Older individuals may have less lung volume tethering on 

the UA than younger individuals.



Arousal threshold

• Elderly people are known to have an increased number of spontaneous 

arousals from sleep, suggesting that older adults may have a lower arousal 

threshold.

• Recent studies examining how the arousal threshold changes with age have 

found no difference.

• Controversy remains regarding aging effects on arousal threshold.



Ventilatory control stability or loop gain

• Controversy remains regarding aging effects on 

loop gain.

• There are several features of the ventilator 

pattern in elderly individuals which suggest that 

the chemical control of breathing is unstable.

– an increased proportion of central apneas in elderly 

patients

• Chemosensitivity is actually unchanged. 

Ventilatory control is quite stable in the elderly.



Loop gain

• Loop gain

– ventilatory response to a disturbance of ventilation

– plant gain x controller gain

• Plant gain

– change in alveolar PCO2 (PACO2) for a given change in ventilation

– Plant: lungs, blood, and body tissues where carbon dioxide is stored

• Controller gain

– change in ventilation for a given change in arterial PCO2 (PaCO2)

– Controller: all the structures responsible for converting 

chemoreceptor stimuli into ventilation

• Circulation delay

– time it takes for pulmonary capillary blood to reach the 

chemoreceptors

– primarily influenced by the cardiac output

J Physiol 2014;592:2903-5.

: PCO2 at the 
chemoreceptors 



Loop gain

• Low loop gain (loop gain <1) → stable system

• High loop gain (loop gain >1) → unstable system

1.5
⇨ apnea

Fundamentals of sleep medicine, Chapter 21



Studies indexed in PubMed

Chest 2022;162:647-58.



Sex and gender terminology

Chest 2022;162:647-58.

Hormonal influences on 

asthma manifestation around

puberty, pregnancy, and 

menopause are related to

female sex.

The impact of biomass fuel on 

lung physiology and disease in 

women in low-income countries 

is related to women’s societal 

role, and therefore is a gender 

effect.



Sex and gender differences in common respiratory diseases



Anatomic and physiological differences 
between the sexes

Chest 2022;162:647-58.



Prevalence of sleep-disordered breathing

Sleep Med 2018;51:29-36.



Menopause and sleep apnea

Am J Respir Crit Care Med 2003;167:1181-5.





A. At sleep onset

B. Wakefulness drive ↑

C. Plant gain↑/ ↓

D. Controller gain↑ (e.g. CHF) / ↓

Principles and Practice of Sleep Medicine, 5th ed., Chapter 100

AT AT

AT AT

CO2 reserve

AT = apneic threshold

CO2 reserve = eupneic CO2 – AT CO2





J Clin Med 2020;9.

Associations sleep questionnaires with OSA 
(REI > 15) stratified by gender







Summary

• OSA in the elderly can primarily be attributed to changes in the anatomy and 

physiology of the upper airway.

• Female with OSA appear to have more prolonged partial upper airway 

obstruction as a pathophysiological hallmark of their disorder.

• Women with OSA are less likely to snore and report sleepiness compared 

with men and are more likely to report fatigue and insomnia. Women were 

less likely to be referred for a sleep evaluation.

• The rise in OSA prevalence after menopause is likely in part the result of 

hormonal changes and increasing central obesity associated with 

menopause, but this is not completely clear yet.



Thanks for your attention
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