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Introduction

Chronic Obstructive Pulmonary Disease (COPD) and 
Obstructive Sleep Apnea (OSA) are two of the most common 
respiratory conditions globally [1]. COPD is characterized 
by persistent airflow limitation and chronic inflammation, 
leading to hypoxemia and oxidative stress. OSA is marked 
by recurrent episodes of upper airway obstruction during 
sleep, causing intermittent hypoxemia, fragmented sleep, 
and sleep inefficiency [2]. OSA severity is classified based 
on the Apnea-Hypopnea Index (AHI), which measures the 
number of apneic episodes (complete pauses in airflow) and 
hypopneic episodes (partial reductions in airflow) per hour 
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Background  Obstructive Sleep Apnoea (OSA) and Chronic Obstructive Pulmonary Disease (COPD) are both independently 
associated with cognitive impairment. COPD/OSA overlap syndrome could potentially result in greater cognitive impair-
ment that is more than additive. This systematic review evaluates attention, memory, executive function and global cognition 
in OSA alone compared to COPD/OSA overlap syndrome.
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is: CRD42024557577.
Results  OSA alone was primarily associated with mild to moderate cognitive impairment, with attention and executive func-
tion most affected, with nocturnal hypoxemia and sleep fragmentation thought to be underlying causative factors. Memory 
and global cognition were relatively preserved. In contrast, COPD/OSA overlap syndrome was associated with more severe 
impairments, particularly in memory and global cognition. Overlap patients had significantly lower cognitive scores and a 
higher prevalence of mild cognitive impairment compared to OSA alone.
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of sleep. The severity is categorized as mild (AHI 5–15 
events/hour), moderate (AHI 15–30 events/hour), or severe 
(AHI > 30 events/hour) [3]. However, growing evidence 
highlighted that AHI alone does not adequately reflect the 
full clinical impact of OSA. The 2021 International Consen-
sus on OSA recommends a broader approach that includes 
oxygen saturation patterns, sleep fragmentation, excessive 
daytime sleepiness, and comorbidities such as diabetes or 
obesity to more accurately determine the severity of OSA 
[4]. These factors collectively shape the overall hypoxic 
burden, which may be more closely associated with adverse 
clinical outcomes than AHI alone [5].

Both COPD and OSA have been strongly linked to cogni-
tive impairments; particularly in attention, memory, execu-
tive function, and global cognition [6–8]. Data in those with 
OSA has consistently identified impairments in attention and 
executive function, which are attributed to hypoxemia and 
sleep fragmentation [7]. Similarly, COPD has demonstrated 
a strong association between chronic systemic inflammation 
and memory and attention [6].

COPD and OSA may coexist in one patient, forming what 
is referred to as COPD/OSA overlap syndrome, a concept 
that was first established in 1985 [9]. COPD/OSA overlap 
syndrome is associated with more severe nocturnal hypox-
emia and associated therefore a higher risk of cognitive 
decline compared to COPD or OSA alone [10]. The patho-
physiological mechanisms resulting from the combined 
effects of COPD and OSA may explain the higher risk of 
cognitive impairments in overlap syndrome. However, few 
studies have systematically compared cognitive outcomes 
in overlap syndrome compared with those who have OSA 
alone. Also, the specific cognitive domains most affected in 
COPD/OSA overlap syndrome compared to OSA alone and 
the severity of these impairments remain under explored. 
This gap in knowledge may limit clinicians’ ability to 
develop targeted interventions to mitigate cognitive decline 
in this high-risk population.

This systematic review aims to address two research 
questions:

What is the impact of COPD/OSA overlap syndrome 
on cognitive function compared to individuals with OSA 
alone?

Which cognitive domains are most affected in individu-
als with COPD/OSA overlap syndrome compared to OSA 
alone?

This systematic review synthesises findings from stud-
ies on cognitive outcomes in OSA and COPD/OSA overlap 
syndrome to identify the cognitive domains most affected, 
compares the severity of impairments, and explores the 
mechanisms contributing to these impairments. By clarify-
ing these aspects, this review seeks to provide a foundation 

for future research as well as supporting clinicians in address-
ing the cognitive decline in these groups of patients.

A narrative synthesis approach was employed in this 
review due to the methodological heterogeneity of the 
included studies. Existing research varies significantly in 
terms of study designs, reported outcomes, and cognitive 
assessment tools. For instance, while some studies focus on 
global cognition using general screening tools such as the 
Montreal Cognitive Assessment (MoCA) and Mini-Mental 
State Examination (MMSE), others assess specific domains 
such as memory or executive function using distinct cogni-
tive tests. Moreover, differences in population characteris-
tics, such as the inclusion of younger versus older patients 
and the varying severity of hypoxemia, further complicate 
quantitative comparisons. By synthesizing findings narra-
tively, the goal of this review is to provide a comprehen-
sive understanding of cognitive impairments in COPD/OSA 
overlap syndrome compared to OSA alone, highlighting 
areas for future investigation.

Methods

Search strategy

A systematic search was conducted across MEDLINE, 
EMBASE, PsycINFO, CINAHL, and CENTRAL to iden-
tify relevant studies. The search strategy incorporated con-
trolled vocabulary and keywords related to COPD; Chronic 
Obstructive Pulmonary Disease; Obstructive Sleep Apnea; 
OSA; Sleep-Disordered Breathing; Overlap Syndrome; 
Global cognition; Cognition; Neuropsychology; Cognitive 
Functioning; Memory; Attention; Executive Function; Pro-
cessing Speed; Language/fluency; Visuospatial skills. This 
systematic review has been registered in PROSPERO (Reg-
istration ID: CRD42024557577).

Types of included studies

Case-controlled studies and cross-sectional studies.

Inclusion criteria

Studies were included if they met the following criteria:

	● Adults aged 18 years or older.
	● Diagnoses of OSA or COPD-OSA overlap syndrome 

confirmed by validated sleep study and COPD con-
firmed by spirometry demonstrating post-bronchodilator 
FEV1/FVC < 0.70 (or below the lower limit of normal).

	● Assessment of cognitive function using validated tools.
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	● Studies investigating the impact of cognitive function 
(such as memory, attention, executive function, pro-
cessing speed, language/fluency, visuospatial skills), in 
COPD/OSA overlap syndrome, and OSA alone.

Exclusion criteria

	● Non-English studies.
	● Abstracts, case reports, narrative reviews, theses, books, 

conference proceedings, and self-reported diagnoses or 
physician diagnoses studies.

	● Studies on non-human subjects.

Data selection

This review used (PRISMA-P 2015) in the process and 
the studies retrieved imported into EndNote software and 
duplicate studies were removed (Fig. 1). Two independent 
reviewers (AA&NA) blindly screened titles and abstracts 
of all articles using Rayyan based on the including criteria. 
Disagreements in screening were resolved through discus-
sion or consultation with a third reviewer (SM). The studies 

Fig. 1  PRISMA Flow [11]
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including domain-specific tests such as Stroop Test, Trail 
Making Test (TMT), and Digit Span and global measures 
such as the Montreal Cognitive Assessment (MoCA) and 
Mini-Mental State Examination (MMSE). The characteris-
tics of all included studies are summarized in Table 1.

Cognitive outcomes in obstructive sleep apnea 
alone (OSA)

Attention domain

Impairments in the attention domain in OSA were reported 
across five studies, with study sample sizes ranging from 
40 to 5,946 participants. The severity of attention impair-
ments ranged from mild to moderate, with differing mecha-
nisms identified. Shpirer et al. (2012) identified attention as 
the most affected cognitive domain, with performance sig-
nificantly correlated with both OSA severity (AHI: r = 0.6, 
p < 0.001) and hypoxemia measures, including average oxy-
gen saturation (r = − 0.51, p = 0.002) and percent time with 
SpO2 < 90% (r = 0.57, p < 0.001) [7]. Hong et al. (2024) 
reported slower Stroop Test completion times in moderate-
to-severe OSA, though attention sub-scores between OSA 
severity groups were not significantly different (p = 0.068) 
[16]. Pase et al. (2023) observed moderate impairments 
in attention-related tasks were associated with higher AHI 
and oxygen desaturation index (ODI) [14]. However, Vers-
traeten et al. (2004) and Sforza et al. (2010) reported milder 
impairments in attention-related tasks, attributed to sleep 
fragmentation and age-related factors [8, 18]. A summary of 
attention domain findings is presented in Table 2.

Executive function domain

Three studies reported impairments in executive function 
in OSA; sample sizes ranged from 40 to 68 participants, 
and the severity of executive function impairments varied 
from mild to moderate. Verstraeten et al. (2004) found no 
evidence of significant executive function decline in OSA 
patients and attributed mild impairments on the Flexibility 
Test to reduced attentional capacity rather than executive 
dysfunction. The study concluded that executive func-
tion deficits are not a major concern in OSA alone and are 
secondary to attentional disruptions caused by sleep frag-
mentation [18]. In contrast, Shpirer et al. (2012) reported 
moderate impairments in planning, cognitive flexibility, 
and verbal fluency, demonstrated by deficits in tasks such 
as the Wisconsin Card Sorting Test (p < 0.001) and Tower 
of London (p = 0.04). While no significant correlations were 
found between these impairments and AHI or hypoxemia, 
hypoxemia was noted as a potential contributing factor 
due to its known effects on oxygen-sensitive brain regions 

included in this review were published between 2003 and 
2024.

Data extraction

	● General information such as title, author, and date of 
publication.

	● The study characteristics that include objectives and 
aims, study design, inclusion and exclusion criteria, 
participant demographic, and baseline characteristics, 
primary and secondary outcomes related to cognitive 
function.

	● The criteria used to diagnose OSA and COPD/OSA 
overlap syndrome.

Quality assessment

The Newcastle-Ottawa Scale (NOS) was used to evalu-
ate the methodological quality of included studies. Stud-
ies were scored on selection, comparability, and outcome 
assessment, with scores ranging from 0 to 10.

Data synthesis

A narrative synthesis was employed to analyse the findings 
due to the heterogeneity in study designs and outcome mea-
sures. Key cognitive domains such as attention, memory, 
executive function was analysed separately to identify pat-
terns and severity of impairments. Comparisons between 
OSA and COPD-OSA overlap syndrome were emphasized, 
focusing on cognitive domains, severity, and underlying 
mechanisms.

Results

This paper explores cognitive impairments associated with 
Obstructive Sleep Apnea (OSA) alone and overlap syn-
drome (COPD/OSA). The results are categorized into cog-
nitive domains: attention, memory, executive function, and 
global cognition, focusing on severity and mechanisms. 
These findings are drawn from 12 studies encompassing 
7,424 participants, with 10 studies focusing on OSA alone 
(7,289 participants) and 2 studies addressing the overlap of 
COPD and OSA (135 participants).

Study characteristics

The included studies represent diverse populations and 
methodologies, mostly cross-sectional designs. Cognitive 
outcomes were assessed using a variety of validated tools, 
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as assessed by the CASI short-term memory subcompo-
nent [19]. Pase et al. (2023), analysing five large datasets, 
reported no significant associations between OSA severity 
and memory scores. These findings consistently suggest that 
memory is less affected by OSA compared to domains like 
attention or executive function, with no strong associations 
observed with hypoxemia, sleep fragmentation, or other 
OSA-related factors [14]. A summary of findings related to 
memory outcomes is provided in Table 4.

Global cognition

Three studies assessed global cognitive function in OSA, 
involving 1,052 participants with sample sizes ranging from 
102 to 445. Findings varied based on population characteris-
tics and severity of OSA. Li et al. (2019) found a statistically 
significant decline in MoCA scores with increasing OSA 
severity, with mild OSA patients scoring the highest (mean 
MoCA score: 26.0 ± 2.0) compared to those with moderate 
to severe (25.0 ± 2.0 and 25.5 ± 2.0, respectively) (p < 0.01). 

critical to executive functioning [7]. Antonelli Incalzi et al. 
(2004) similarly reported moderate executive dysfunction, 
with OSA patients showing low scores on tasks such as 
analogies and temporal rule induction and were linked to 
the combined effects of sleep fragmentation and intermit-
tent hypoxia on frontal-lobe structures [13]. A summary of 
findings related to executive function is provided in Table 3.

Memory domain

Memory deficits in OSA were assessed in three studies, 
involving a total of 6,552 participants, with individual sam-
ple sizes ranging from 100 to 5,946. The findings consis-
tently indicated minimal impact of OSA on this cognitive 
domain. Naismith et al. (2004) used the Digit Span subtest 
and Rey Auditory Verbal Learning Test (RAVLT) and found 
no significant associations between memory performance 
and hypoxemia or sleep fragmentation [17]. Similarly, 
Foley et al. (2003) observed no relationship between OSA 
and short-term memory in elderly Japanese American men, 

Table 2  Attention domain key findings among OSA patients
Category Authors Key Findings Severity of attention 

impairments
Mechanism

OSA Shpirer et al. (2012),
Sforza et al. (2010),
Hong et al. (2024),
Pase et al. (2023), and
Verstraeten et al. (2004)

• Significant correlation between attention impairments 
and AHI and hypoxemia.
• REM sleep linked to better attention performance in 
OSA patients.
• Attention deficit was linked to sleep fragmentation.

Mild to moderate Nocturnal 
hypoxemia; 
REM sleep 
disruption, 
and sleep 
fragmentation.

o AHI: Apnea-Hypopnea Index, CPT: Continuous Performance Test, MoCA: Montreal Cognitive Assessment, REM sleep: Rapid Eye Move-
ment sleep

Table 3  Executive function domain key findings among OSA patients
Category Authors Key Findings Severity of executive function 

impairments
Mecha-
nism

OSA Shpirer et al. (2012), Vers-
traeten et al. (2004), and
Antonelli Incalzi et al. (2004)

• Mild to Moderate impairments in 
deductive thinking, planning, cogni-
tive flexibility, and verbal fluency 
influenced by daytime sleepiness, sleep 
fragmentation, and hypoxemia

Mild to Moderate Sleep 
frag-
menta-
tion, 
daytime 
sleepi-
ness and 
hypox-
emia

o TMT-B: Trail Making Test Part B. WCST: Wisconsin Card Sorting Test. TOL: Tower of London

Table 4  Memory domain key findings among OSA patients
Category Authors Key Findings Severity of memory 

impairments
Mecha-
nism

OSA Naismith et al. (2004), Foley 
et al. (2003), and Pase et al. 
(2023)

• No significant association between mem-
ory performance and sleep indices (AHI, 
hypoxemia).
• Memory relatively unaffected in all studies.

None to minimal impact. No strong 
link to 
OSA-
related 
factors

o Digit Span: Test for working memory capacity. RAVLT: Rey Auditory Verbal Learning Test. CASI: Cognitive Abilities Screening Instrument. 
AHI: Apnea-Hypopnea Index
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based on 135 participants, with individual study sizes of 
106 and 29 respectively. Wang et al. (2020) found moder-
ate to severe impairments. MoCA attention subtest scores 
were lower in overlap patients compared to COPD-only 
patients (24.0 vs. 26.0, p < 0.001), associated with noctur-
nal hypoxemia (percentage of time spent with oxygen satu-
ration below 90% (TSat90), 2.54% vs. 0.59%, p < 0.001). 
Memory impairments were classified as severe because 
overlap patients exhibited significantly worse MMSE scores 
(23.5 vs. 25.5, p = 0.01) with higher rates of mild cognitive 
impairment (MCI, 40.6% vs. 24.6%, p = 0.005). Hypoxemia 
was the strongest predictor of memory decline in COPD/
OSA overlap syndrome (OR = 4.75, 95% CI: 2.73–11.13, 
p < 0.001). Executive function impairments were classified 
as moderate; Wang et al. (2020) highlighted abstraction 
and problem-solving deficits on MMSE subtests. Zhang 
et al. (2020) linked intermittent hypoxia (OR = 1.24, 95% 
CI: 1.04–1.48, p = 0.02) to global cognitive decline. Global 
cognition was significantly impaired in overlap syndrome 
patients. Zhang et al. (2020) reporting that 66% of overlap 
patients were at risk of dementia (MMSE ≤ 24, p < 0.01) [20, 
21]. A summary of findings related to cognitive outcomes in 
COPD/OSA overlap syndrome is provided in Table 6.

Li et al. (2019) found a negative correlation between sleep 
fragmentation, as measured by the phase A3 index of cyclic 
alternating patterns (CAP phase A3) and MoCA scores (r 
= -0.329, p < 0.01) [15]. Sforza et al. (2010) observed no 
significant associations between MMSE scores and AHI or 
oxygen desaturation index in an elderly population, sug-
gesting that global cognitive impairments in older adults 
are limited and more influenced by other age-related factors 
[8]. Hong et al. (2024) reported significantly lower MoCA 
scores in moderate-to-severe OSA patients compared to 
mild OSA or healthy controls (25.0 vs. 28.0, p < 0.001). Spe-
cific impaired MoCA domains included: visuospatial and 
executive abilities, delayed recall, and language, with strong 
negative correlations between MoCA scores and AHI (r = 
-0.481, p < 0.001), sleep inefficiency (r = -0.441, p < 0.001), 
and hypoxemia markers (r = -0.444, p < 0.001) [16]. A sum-
mary of findings related to global cognitive function is pre-
sented in Table 5.

Cognitive outcomes in COPD/OSA overlap syndrome

Only two studies have specifically investigated cognitive 
outcomes in COPD/OSA overlap syndrome. Wang et al. 
(2020) and Zhang et al. (2020) reported significant cognitive 
impairments in patients with COPD/OSA overlap syndrome, 

Table 5  Global cognition domain key findings among OSA patients
Category Authors Key Findings Severity of global cognition 

impairments
Mecha-
nism

OSA Li et al. (2019), Sforza et 
al. (2010), and Hong et al. 
(2024)

Moderate-severe OSA group scored 
lower on MoCA with correlations 
to AHI, sleep inefficiency, and 
hypoxemia

Mild to moderate. • Sleep 
fragmen-
tation
• Hypox-
emia
• AHI

• MoCA: Montreal Cognitive Assessment. MMSE: Mini-Mental State Examination

Table 6  Cognitive domains key findings among COPD/OSA patients
Cognitive Domain Key Findings Severity Mechanism Authors
Attention - Moderate to severe impairments in MoCA attention subtests (24.0 vs. 26.0, 

p < 0.001). 
- Linked to nocturnal hypoxemia (TSat90, 2.54% vs. 0.59%, p < 0.001).

Moderate 
to severe

Nocturnal 
hypoxemia 
(TSat90).

Wang 
et al. 
(2020) 
and 
Zhang 
et al. 
(2020)

Memory - Severe impairments with significantly worse MMSE scores (23.5 vs. 25.5, 
p = 0.01). 
- Higher rates of MCI in overlap patients (40.6% vs. 24.6%, p = 0.005). 
- Hypoxemia as the strongest predictor (OR = 4.75, p < 0.001).

Severe Nocturnal 
hypoxemia

Executive Function - Moderate impairments in abstraction and problem-solving tasks on MMSE. 
- Linked to intermittent hypoxia (OR = 1.24, 95% CI: 1.04–1.48, p = 0.02).

Moderate Intermittent 
hypoxia

Global Cognition - Significantly impaired global cognition, with 66% of overlap patients at risk of 
dementia (MMSE ≤ 24, p < 0.01).

Moderate 
to severe

Nocturnal 
hypoxemia

• MoCA: Montreal Cognitive Assessment. MMSE: Mini-Mental State Examination. MCI: Mild Cognitive Impairment
• TSat90: Percentage of time spent with oxygen saturation below 90%
• OR: Odds Ratio (used in regression analysis)
• 95% CI: Confidence Interval, indicating the range within which the true effect lies with 95% confidence
• p-value: Probability value indicating the statistical significance of the result (p < 0.05 is considered significant)
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dysfunction, which collectively impair cognitive function 
across multiple cognitive domains [21, 31].

Memory impairments, while observed in OSA, tend to 
be less severe compared to other cognitive domains such 
as attention and executive function [7, 8, 13, 14, 16–19]. 
In contrast, memory difficulties are more pronounced in 
overlap syndrome, likely due to the compounded effects of 
sustained and intermittent hypoxemia. Studies have shown 
that COPD/OSA overlap syndrome results in more severe 
and sustained hypoxemia compared to OSA alone, as the 
chronic respiratory compromise in COPD exacerbates the 
oxygen desaturation caused by OSA [32, 33]. This high bur-
den of hypoxemia may cause higher risk of neuronal injury, 
especially to the hippocampus, leading to deficits in mem-
ory encoding and retrieval [26, 34]. Furthermore, systemic 
inflammation, a hallmark of COPD, exacerbates neuronal 
injury, particularly in brain regions involved in memory and 
global cognition [20, 21, 32, 35].

Strengths and limitations

This narrative synthesis approach offering valuable insights 
into the differential cognitive impacts of OSA and COPD/
OSA overlap syndrome [36]. However, there are several 
limitations identified. First, the heterogeneity in cognitive 
assessment tools restricted the direct comparison across 
studies. Second, the variability in age and disease severity 
within study populations limited the generalizability of find-
ings. Third, it is unclear whether patients in the included 
studies were treated with continuous positive airway pres-
sure (CPAP), which may have influenced cognitive out-
come. Forth, although all included studies used either full 
polysomnography or cardiorespiratory polygraphy, varia-
tion in monitoring protocols such as home-based versus 
in-lab assessments may introduce differences in diagnostic 
precision and sleep architecture assessment. Fifth, many of 
the included studies featured predominantly male partici-
pants, which may reduce the generalizability of findings to 
female populations. Sixth, all studies were cross-sectional 
or case-control, restricting causal interpretation and insights 
into long-term cognitive changes. Seventh, restricting the 
review to English-language publications may introduce 
language bias and exclude relevant studies in other lan-
guages. Eighth, the small number of studies focusing on 
overlap syndrome created an imbalance in the evidence 
base, restricting the ability to draw robust conclusions for 
this group. Longitudinal studies are essential to evaluate 
the progression of cognitive decline, particularly in overlap 
syndrome patients, and to strengthen the evidence base for 
targeted interventions. Also, future research should aim for 
standardized testing protocols across populations to enable 
robust meta-analyses.

Discussion

Overview of findings

This review systematically evaluated the cognitive impair-
ments associated with OSA alone and COPD/OSA overlap 
syndrome across key cognitive domains, including atten-
tion, memory, executive function, and global cognition. 
Across these domains, the data demonstrated over mild to 
moderate impact on cognitive function in those with OSA 
alone. Whilst COPD/OSA overlap syndrome was associated 
with more severe cognitive impairments in comparison, 
particularly in memory and global cognition and primarily 
caused by nocturnal hypoxemia and systemic inflammation.

Cognitive function in OSA and COPD/OSA overlap 
syndrome

In OSA, cognitive impairments were mostly limited to 
domains dependent on the prefrontal cortex, such as atten-
tion and executive function. Several studies have shown that 
effective performance on tests requiring planning and atten-
tion depends on proper functioning of the prefrontal cortex 
[22–24]. Intermittent hypoxemia and sleep fragmentation 
are known to disrupt sleep architecture and induce oxidative 
stress in OSA that ultimately affect prefrontal cortex func-
tion [25]. These mechanisms align with observed impair-
ment in sustained attention and planning tasks as reported in 
several studies [7, 8, 13, 14, 16, 18]. However, memory and 
global cognition tend to remain relatively preserved among 
OSA patients [14, 17, 19]. One possible explanation is that 
the hippocampus, the essential structure for memory, may 
be less impacted in OSA [26, 27]. The hippocampus may be 
partially recovered during periods of normoxia, particularly 
when OSA is less severe or is effectively treated with CPAP 
[28]. Moreover, patients’ differences in age and comor-
bidities further influence cognitive outcomes. Finally, since 
memory is a fundamental component of global cognition, 
any preservation of memory processes may help maintain 
global cognitive performance. This overlap in memory and 
global cognition may help explain why both memory and 
global cognitive abilities often show similar patterns of rela-
tive preservation in some OSA patients [27].

In COPD/OSA overlap syndrome, cognitive impairments 
are more pronounced compared to OSA alone, particularly 
in memory and global cognition [20, 21]. The high effect 
on cognitive is likely due to the compounded effects of sus-
tained hypoxemia from COPD and intermittent hypoxemia 
from OSA, which together can place a greater physiologi-
cal burden on the brain [21, 29, 30]. Prolonged hypoxemia 
can lead to neuronal damage through mechanisms such as 
oxidative stress, systemic inflammation, and endothelial 
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cognitive screening and targeted interventions could sup-
port clinicians in mitigating these risks and should be incor-
porated into clinical pathways.
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