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Obstructive sleep apnea (OSA) and dementia are both prevalent 
conditions in the aging population [1, 2]. Scientific evidence indi-
cates that OSA is associated with neurodegenerative processes 
[3, 4] and neurovascular damage [5, 6], which may lead to cogni-
tive impairment and eventually dementia [7]. It has been recom-
mended that OSA should be evaluated and treated in patients 
at risk for dementia [8]. However, OSA is not yet universally rec-
ognized as a modifiable risk factor for dementia [9]. Moreover, it 
remains unclear whether treatment of OSA can slow cognitive 
decline or reduce the risk of dementia [10–13]. Given the heter-
ogeneous nature of OSA [14], it is paramount to identify which 
specific aspects of the disease are associated with cognitive out-
comes. It has been postulated that certain key features of OSA, 
including intermittent hypoxemia, sleep fragmentation, and 
autonomic activation, may induce a cascade of pathophysiolog-
ical mechanisms that ultimately result in cognitive impairment 
[15]. Nevertheless, previous large-scale studies on the associ-
ation between OSA and cognitive impairment have primarily 
focused on conventional measures of breathing/hypoxemia and 
sleep macrostructure [16–25], while there has been a paucity of 
research examining sleep microstructure [26].

The current issue of SLEEP presents a study by Beaudin et 
al. that offers new insights into the relationship between OSA, 
sleep microstructure, and cognition [27]. The authors conducted 
a study on middle-aged and older adults referred to Canadian 
sleep centers for suspected OSA (n = 1142, median age 54 years, 
47.2% women). The participants underwent an in-laboratory 
full-night or split-night polysomnography (PSG) and three cogni-
tive tests (Montreal Cognitive Assessment, Digit-Symbol Coding 
Test, and Rey Auditory Verbal Learning Test). The associations 
between OSA, cognitive tests, and sleep microstructure metrics 
recorded during non-rapid eye movement (NREM) sleep (namely, 
sleep spindle characteristics, odds-ratio product [ORP], normal-
ized electroencephalogram power [EEGNP], and delta–alpha ratio) 
were examined. The results showed that altered sleep spindle 
characteristics were associated with poorer performance on the 
three cognitive tests. Moreover, spindle density and EEGNP were 

identified as mediators of the negative effect of OSA on Montreal 
Cognitive Assessment scores, whereas spindle power, percentage 
of fast spindles, and ORP were found to mediate the negative 
effect of OSA on Digit-Symbol Coding Test scores.

The study by Beaudin et al. is noteworthy for its large sample 
size of patients seen in sleep centers, which has the advantage 
of representing “real-life patients.” The analysis of novel sleep 
microstructure metrics and the mediation analysis are additional 
strengths of the current study. While the results of this study 
must be corroborated by experimental replication and longitu-
dinal studies, they represent an advance in the identification of 
patients with OSA at higher risk of cognitive impairment (e.g. 
those with altered sleep spindle activity). Nevertheless, this study 
prompts the following comments. The primary analyses were 
performed on the first half of the full-night PSG and the diag-
nostic portion of the split-night PSG. This approach resulted in a 
low total sleep time and a near absence of rapid eye movement 
(REM) sleep. Although it has been suggested that a relatively low 
total sleep time may be sufficient to diagnose OSA [28], the pos-
sibility of misclassification of OSA severity cannot be excluded. 
Furthermore, the inability to measure OSA during REM sleep 
may have implications, as research has suggested that OSA dur-
ing REM sleep may have a more deleterious effect on cognition 
than OSA during NREM sleep [29, 30]. Despite these limitations, it 
is essential to note that the authors found similar results when 
including only participants who underwent full-night PSG in the 
analyses (n = 619).

The study by Beaudin et al. included only three cognitive tests, 
which prevented a comprehensive assessment of the different 
cognitive functions. The most frequently observed pattern of cog-
nitive impairment in OSA appears to be characterized by deficits 
in attention, working memory, and executive function [31–33]. 
These deficits may indicate a subcortical dysfunction, such as 
that seen in vascular dementia [34]. This suggests that OSA may 
promote microvascular damage [35]. Nevertheless, there is little 
research on the relationship between OSA and vascular dementia 
[7]. Conversely, studies have indicated that OSA may be associated 

© The Author(s) 2024. Published by Oxford University Press on behalf of Sleep Research Society.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which 
permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

https://orcid.org/0000-0002-7809-4399
mailto:nicola.marchi@unil.ch
https://creativecommons.org/licenses/by/4.0/


2  |  SLEEP, 2024, Vol. 47, No. 12

with an increased risk of Alzheimer’s disease [7, 36]. However, to 
the best of our knowledge, there is limited evidence that OSA is 
associated with an amnestic syndrome [37], which is the typi-
cal presentation of Alzheimer’s disease. Future research should 
examine whether the reduced episodic memory observed in OSA 
[37] reflects an impairment in retrieval strategies (which could 
suggest a frontal lobe-dependent executive dysfunction) or a 
deficit in consolidation/storage (which suggests an amnestic syn-
drome of the hippocampal type). These future studies are crucial 
in the current era of disease-modifying therapies for Alzheimer’s 
disease [38, 39], as an extensive population screening is manda-
tory to identify the underlying causes of memory decline in aging.

While beyond the scope of the study by Beaudin et al., it is 
important to note that the association between OSA and cog-
nitive impairment may be moderated by age and sex. However, 
previous studies examining these moderating effects have 
yielded inconclusive results [19, 23, 40–42]. In contrast, a mod-
erating effect of the apolipoprotein E4 (ApoE4) allele has been 
observed in a range of population-based cohorts [16, 18, 19, 23]. 
These studies have consistently observed a stronger association 
between OSA and cognitive dysfunction in ApoE4 carriers com-
pared with ApoE4 non-carriers [16, 18, 19, 23]. Some comorbid-
ities, such as obesity [19] and hypertension [43], have also been 
proposed to moderate the association between OSA and cogni-
tion; however, further research is needed to substantiate these 
observations.

In OSA, respiratory events lead to activation of the autonomic 
nervous system (ANS), which can be detected by variations in the 
heart rate (on the electrocardiogram signal) [44], as well as in the 
pulse rate [45, 46] and the pulse wave amplitude (on the pulse 
oximeter signal) [47–49]. Only a few investigations have been con-
ducted on PSG markers of the ANS, yet these have been found to 
be associated with cognitive impairment [44] and the incidence 
of dementia [46] among patients with OSA. Therefore, PSG mark-
ers of the ANS should be accorded greater consideration in future 
research.

In conclusion, the study by Beaudin et al. represents a valuable 
contribution to this field of research. Nevertheless, it is crucial 
to acknowledge that sleep microstructure represents only one 
aspect of the intricate relationship between OSA and cognition. 
Future research should consider a set of factors, including patient 
characteristics, PSG markers that reflect the diverse pathophys-
iological mechanisms of OSA, and the pattern of cognitive defi-
cits (Figure 1). This framework has the potential to facilitate 
the identification of OSA phenotypes associated with cognitive 
impairment. The identification of such OSA phenotypes will also 
be critical in selecting patients for new interventional studies on 
the effect of OSA treatment on cognition. Given that it has been 
estimated that 40% of dementia cases could be postponed or pre-
vented by addressing modifiable risk factors [9], demonstrating 
that treatment of OSA can slow cognitive decline or reduce the 
risk of dementia could have a profound impact on public health.

Figure 1.  Conceptual framework for studying the relationship between OSA and cognitive impairment. The figure presents a list of factors that could 
be subjected to investigation in order to elucidate the relationship between OSA and cognitive impairment. It should be noted that this list is provided 
for illustrative purposes only and is not intended to be exhaustive. The images were adapted from BioRender.com. Abbreviations: AHI, apnea–
hypopnea index; ApoE4, apolipoprotein E4; HRV, heart rate variability; ODI, oxygen desaturation index; OSA, obstructive sleep apnea; ORP, odds-ratio 
product; PSG, polysomnography; PWAD, pulse wave amplitude drop; SpO2, oxygen saturation; SWA, slow-wave activity; T90, sleep time with oxygen 
saturation <90%.
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