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Obstructive Sleep Apnea Treatment for Brain Health: Improvement in
Connectivity but Not Measurable Function?

Obstructive sleep apnea (OSA) is increasingly recognized as a risk
factor for cognitive impairment. The default mode network (DMN),
which includes nodes across the frontal, temporal, and parietal lobes
of the brain, is crucial for integrating memories for events across time
(episodic memory) and emotional experiences (1). Nodes receiving
simultaneous blood flow at rest, believed to reflect simultaneous
neural firing, is what defines functional connectivity (FC). Reduced
FC within the DMN is linked to cognitive impairments in patients
with OSA, possibly related to hypoxemia more than sleep
fragmentation (2). Therefore, multimodal assessments of brain
structure (T1 structural magnetic resonance imaging [MRI]),
connectivity (resting-state blood oxygen level-dependent functional
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MRI), and function (cognitive testing) with continuous positive
airway pressure (CPAP) treatment are important to evaluate.

In this issue of the Journal, Xu and colleagues (pp. 628-636)
conducted a multicenter randomized controlled trial to evaluate the
effects of CPAP treatment on brain connectivity, structure, and
function in middle-aged patients with OSA and normal cognition (3).
The study involved 148 participants with an apnea-hypopnea index
(AHI3A) =15 events/h recruited from five hospitals and randomly
assigned to two groups: CPAP with best supportive care (BSC) versus
BSC alone. The primary endpoint was the Montreal Cognitive
Assessment (MoCA) score at 6 months, and secondary endpoints
included intranetwork FC of the DMN and cortical thickness assessed
by structural MRI at 3, 6, and 12 months. The results showed no
significant difference in MoCA scores at 6 months between the CPAP
and BSC groups. However, significant differences in FC of the DMN
and cortical thickness were observed between the CPAP and BSC
groups at 6 months, suggesting that OSA interventions may improve
brain structure and function in patients with normal cognition.

The study’s strengths include its multimodal neuroimaging
techniques and randomized controlled trial design, with a relatively long
intervention period. The study had high retention rates (86% and 84%
at 6 and 12 mo, respectively) and modest CPAP adherence (53% and
51% >4 h CPAP use/night at 6 and 12 mo, respectively). The study also
had three follow-up assessments at 3, 6, and 12 months for other
secondary and exploratory outcomes. Most prior studies of effects of
CPAP on cognition have been observational, and few have combined
the multiple brain imaging metrics employed here. In addition, the
variability in patient selection, duration of OSA status, and methodology
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in prior studies has made it difficult to identify clear patterns of gray
matter changes in patients with OSA and treatment response (4, 5).
Therefore, the randomized controlled trial by Xu and colleagues using
multimodal assessments of brain structure, connectivity, and function
is valuable for understanding the potential effects of adequate OSA
treatment on cognitive function and brain imaging changes.

Although cognition is an undeniably important outcome, future
studies may want to consider alternatives to the MoCA as the primary
cognitive endpoint. The MoCA is primarily a screening tool for
cognitive decline rather than overall cognition, which requires
extensive evaluation with multiple neuropsychological tests. The
study participants had normal cognition and were relatively young
at an average age of ~46 years, making it unlikely that they would
decline over 3 to 12 months. Although longer study durations may be
challenging, 2 years have been shown to be sufficient to observe
cognitive changes related to OSA in older populations (6, 7). The
authors observed relative increases in cognitive performance over
time in both groups, which may reflect a practice effect from repeated
assessments. The study’s examination of OSA’s role in cognitive
memory exclusively employed daytime tests, which do not provide
opportunities for sleep-dependent consolidation (8). Adjusting for
sleep variables, such as sleep duration, might have been beneficial,
because individuals with shorter habitual sleep duration may have less
to gain from CPAP therapy. Pairing cognitive testing with assessment
of Alzheimer’s disease (AD) fluid or imaging biomarkers for amyloid
(the primary component of neuritic plaques), phosphorylated tau (the
primary component of neurofibrillary tangles), or neurodegeneration
may be useful because OSA has been associated with such AD
biomarkers even in cognitively normal older adults (7, 9, 10).

Despite the null findings in the primary cognitive outcome,

Xu and colleagues observed significant differences in FC of the
DMN and cortical thickness between the CPAP and BSC groups at

6 months, particularly in the left hemisphere. The exclusion of left-
handed participants may have contributed to the observed lateralized
effects. The cortical thickness observations in particular deserve
contextualization. First, the magnitude of the difference in cortical
thickness between the treatment and control groups at 6 months was
0.06 mm (60 pm), which is the approximate width of a human hair.
At 3T, MRI voxel resolution is on the order of 1 mm, suggesting

the differences are within the measurement error of the tool used.
Second, although other observational studies have also noted gray
matter increases after CPAP treatment (11), what this reflects

on a cellular level is unclear. It seems very unlikely to represent
neurogenesis because adult neurogenesis has only been observed in the
dentate gyrus and olfactory bulb. The authors speculate that this could
reflect an inflammatory process, but this would seem at odds with the
observation that OSA has proinflammatory consequences that increase
with OSA severity (12), suggesting that reduced inflammation might
be expected with OSA treatment. Magnetic resonance spectroscopy
measurements of key brain metabolites, which could assess brain
metabolic changes and neuronal health, could help resolve some of
these uncertainties. Future work that includes a healthy control group
would aid in direct comparisons of baseline cortical thickness and
DMN connectivity with a non-OSA population.

The authors couch their neuroimaging findings as being
potentially relevant to AD risk. Consistent patterns of reduced cortical
thickness and hippocampal subfield volumes have been identified in
early AD (13); however, whether CPAP treatment slows this expected
trajectory in those destined for AD may require longer observation
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durations in older populations. Functional DMN connectivity may
differentiate patients with AD from healthy control subjects
independently of age (14). Accumulation of established AD biomarkers,
such as tau, may lead to impaired DMN connectivity and promote
neurodegeneration (13, 14). Low resting-state brain activity may
contribute to early amyloid-B deposition within the DMN, disrupting
network connectivity (15). At face value, improved DMN connectivity
as a function of CPAP therapy would seem to be of benefit and, notably,
may be useful in creativity and forms of memory (e.g., autobiographical
memory) (16) not captured by the MoCA. But, as with cortical volumes,
whether this protects the deterioration of established memories may
take longer periods of time in older individuals at greater AD risk.

It is important to highlight that Xu and colleagues provide
valuable new data on the role of OSA treatment on brain connectivity
and structure, even if disentangled from any relationship to AD risk.
Like any good study, this one opens new questions, such as on the
histological meaning of gray matter volume increases and the
cognitive correlates of enhanced DMN connectivity. Given that
race- and sex-specific differences exist for both OSA (17) and
AD (18), it will be interesting to interrogate the consistency of these
findings across diverse populations. Future studies could consider
employing extensive cognitive evaluations with both standard
neuropsychological tests and sleep-dependent tasks in which
encoding and recall are separated by sleep. Using established
biomarkers of AD pathology, characterizing OSA using
endophenotypes and novel measures of severity, adjusting for
potential confounding sleep variables, and implementing longer
follow-up periods represent additional worthy endeavors.
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