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Abstract

Purpose To provide updated evidence on the association of obstructive sleep apnoea (OSA)/sleep-disordered breathing
(SDB) with risk of all-cause cognitive impairment/dementia and Alzheimer’s disease (AD).

Methods A systematic literature search was done in PubMed, EMBASE and Scopus databases for cohort studies (retrospec-
tive or prospective) that documented the association of SDB/OSA with the risk of cognitive impairment or all-cause dementia
or AD. Only studies that were published in the year 2000 and onwards were included. The random-effects model was used
for all the analyses and effect sizes were reported as hazards ratio (HR) with 95% confidence intervals.

Results Of 15 studies were included in the meta-analysis, SDB/OSA was diagnosed with at-home polysomnography in six
studies, while five studies relied on self-report or questionnaires. In the remaining studies, International Classification of
Diseases (ICD) codes determined the diagnosis of SDB. The overall pooled analysis showed that patients with SDB/OSA
had higher risk of cognitive impairment and/or all-cause dementia (HR 1.52, 95% CI: 1.32, 1.74), when compared to patients
without SDB/OSA. However, when studies with diagnosis of SDB based on polysomnography were pooled together, the
strength of association for all-cause cognitive impairment was weaker (HR 1.32, 95% CI: 1.00, 1.74).

Conclusion Findings suggest a possible association of SDB/OSA with risk of all-cause cognitive impairment and/or demen-
tia. However, careful interpretation is warranted as the majority of the studies did not rely on objective assessment based
on polysomnography.

Keywords Sleep-disordered breathing - Obstructive sleep apnoea - Cognitive decline - Cognitive impairment - Dementia -
Alzheimer’s disease - Meta-analysis

Introduction [2]. Although recent studies suggest the association of OSA
with cognitive decline in the elderly, the evidence is still

Current evidence indicates that around 2 to 4% of the mid-  inconclusive. There have been systematic reviews and meta-

dle-aged population may be affected by obstructive sleep
apnoea/hypopnea (OSA) syndrome [1]. OSA is more preva-
lent in men and in individuals who are older than 65 years
[1]. There is a recent interest in this potentially treatable
condition because of its potential association with disorders
such as hypertension, diabetes and cardiovascular diseases
[2, 3]. A meta-analysis of 17 prospective cohort studies
found a link between OSA and a higher risk of cardiovascu-
lar diseases (2.48 times higher) and stroke (2 times higher)
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analyses conducted on the association of sleep disturbances,
including OSA or sleep-disordered breathing (SDB), with
cognitive decline or dementia but there has been no con-
sistent methodology [4—7]. Some reviews included cross-
sectional studies, which may be potentially biased, whereas
others used a combination of all study designs (cross-sec-
tional, case-control, data from randomized controlled trials
and cohort-based studies) [4-7].

A study by Emamian et al. included prospective cohort
studies (n = 5) and showed that patients with Alzheimer’s
disease (AD) have 5 times higher risk of having OSA than
cognitively normal subjects of the same age [5]. Another
review by Leng et al. included both prospective and cross-
sectional studies and documented, through pooled analysis
of prospective studies, that patients with sleep-disordered
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breathing (SDB) have higher risk of cognitive impairment
that those without SDB [4]. Findings from pooled analysis
of cross-sectional studies indicated that patients with SDB
had lower executive function but there was no effect of SDB
on cognition [4]. Furthermore, there are reviews that have
proposed an association between OSA/SDB and cognitive
decline/dementia based on studies using blood and cerebro-
spinal biomarkers and brain pathology-based diagnosis. Cui
et al. in their meta-analysis indicated abnormal biomarkers
of AD in cerebrospinal fluid (CSF) and on brain positron
emission tomography (PET) scans in patients with OSA [8].
Their overall analysis showed significantly reduced levels of
amyloid-f 42 (Ap42) and increased total tau (t-tau) levels
in cerebro-spinal fluid (CSF), as well as amyloid burden on
PET scans in OSA patients, compared to normal subjects
[8].

Studies have also differed in their method of diagnosis
of OSA/SDB as well as the tools used for cognitive assess-
ments. In view of this significant and substantial heterogene-
ity between different studies, this review and meta-analysis
aimed to provide updated and reliable evidence on the asso-
ciation between SDB/OSA with a cognitive decline and/or a
risk of AD. We purposefully decided to include only cohort-
based studies and studies that used validated psychometric
tools, instead of blood or cerebrospinal fluid or brain tissue
related parameters, to assess cognitive decline or dementia
or AD.

Methods
Selection of studies

The protocol of the current study was registered at PROS-
PERO (CRD42023393558). PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guide-
lines were followed [9]. Table 1 summarizes the search
strategy used to systematically search for studies in three
databases, i.e. PubMed, EMBASE and Scopus. English lan-
guage studies published until the 15th of January 2023 were
eligible for inclusion.

Studies that documented the association of SDB/OSA
with risk of cognitive impairment or all-cause dementia
or AD were eligible for inclusion. Specifically, we wanted
to include only studies that reported on a clinical diagno-
sis of cognitive decline or dementia or AD. Therefore, all
studies that reported blood or cerebrospinal fluid or brain
tissue-related parameters were not considered. We were
only interested in studies that had a cohort design. Stud-
ies with matched case-control and cross-sectional designs
were excluded. We also excluded studies that used data col-
lected as part of a randomized controlled trial. To provide
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contemporary evidence, we included only those studies that
were published in the year 2000 and onwards.

The total number of studies in each of the three databases
were identified and duplicates were removed. The title and
abstract of the remaining unique studies were reviewed by
two study authors independently and further exclusions were
made. Following this, the full texts were reviewed by the
two authors independently and decisions were made for the
final inclusion in the meta-analysis. Any discrepancies were
resolved with the help of a senior author.

Data extraction and analysis

Data extraction was done using pre-tested electronic sheet.
The extracted data included study identifiers (name of the
author, study setting and year of publication), study design,
ways in which data on exposure and outcome(s) of interest
were collected, characteristics of the study subjects, sample
size and key findings. All analyses were conducted using
STATA 16 software (TX, USA). We reported pooled effect
sizes as hazards ratio (HR) along with 95% confidence inter-
vals. It is important to mention that not all studies reported
their effect sizes as hazards ratio and in such instances, we
converted the reported effect sizes (either as odds ratio or
relative risk) into HR based on the methods reported previ-
ously [10, 11]. As an a priori decision, we used random
effects model for all analyses. This was done because the
included studies differed in the characteristics of the sub-
jects; study setting and design; definitions of SDB/OSA
adopted; tools used for exposure and outcomes assessment
and duration of follow-up. These differences would have led
to substantial heterogeneity in the reported findings.

The Newcastle-Ottawa Scale was used for assessment of
the risk of bias [12]. We used Egger’s test along with visual
inspection of funnel plot to assess for publication bias [13].
A p-value of less than 0.05 was considered to denote statisti-
cal significance. Post hoc subgroup analysis was conducted
based on the study design (prospective and retrospective
cohort), sex (male and female) and age of the subjects (< 60
years and > 60 years) and assessment method for SDB/OSA
(polysomnography and self-reported/ICD coding based).

Results

Our search strategy resulted in retrieval of a total of 3726
studies. Duplicates (n = 1386) were removed. Additional
studies (n = 2205) were excluded after the title and abstract
review. A total of 135 studies were excluded after the full-
text review, as summarized in Fig. 1. A total of 15 studies
were considered for this meta-analysis [14-28].
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Identification of studies via databases ]
M\ -
_§ Records identified from 5;(;(;?; rfamoved before
= PubMed (n =1753) >ning.:
o _ Duplicate records removed (n
= Embase (n = 1029) 1386
k= Scopus (n=944)
3 Total (n=3726)
Records screened Records excluded due to non-
(n = 2340) »| relevance on title and abstract
screening (n =2205)
Reports sought for retrieval | Reports not retrieved
= (n=135) (n=0)
=
]
g
3 Reports excluded:
Studies conducted prior to year 2000 (n =39)
Reports assessed for eligibility > Cross-section or case-control design (n=28)
(n=135) Studies on biomarkers of Alzheimer disease
(n=21)
Descriptive reviews/mini-reviews/case reports (n
=19)
Studies on effects of management of sleep
apnoea (n=13)
—
A4
° Studies included in review
)
o (n=15)
=}
©
i=

Fig. 1 Selection process of studies included in the review

Characteristics of the included studies

Table 1 presents the specific details of the included studies.
Out of included studies (n = 15), seven were prospective
cohort and remaining (n = 8) were retrospective cohort stud-
ies. The majority of the studies were done in the USA (n =
9). Two each were conducted in Taiwan and the Republic of
Korea. Out of the remaining two studies, one was conducted
in France and the other one was multicentric. In most of the
studies, there were significant differences in baseline char-
acteristics between patients with sleep-disordered breath-
ing (SDB) and those without SDB. Subjects with SBD had
higher mean body mass index and increased prevalence of
comorbidities such as coronary artery disease, hypertension,

@ Springer

diabetes, previous history of stroke, depression and anxiety.
The mean follow-up period ranged from 3.4 to 15 years in
all included studies. There were significant variations in the
tools used for neuropsychological/cognitive assessments,
specific aspects that were assessed (e.g., logical memory,
global cognition, dementia, language, executive functions),
and in the way, cognitive impairment was defined (Table 2).
At-home polysomnography was used for establishing the
diagnosis of SBD/sleep apnoea in six studies. Apnoea was
self-reported or assessed using questionnaire in five stud-
ies. In the remaining studies, diagnosis of SDB was based
on the International Classification of Diseases (ICD) codes
(Table 2). The quality assessment has been presented in sup-
plementary tables 2 and 3. All studies were of good quality.
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Table 2 Subgroup analysis for
cognitive impairment and/or all

Effect size; HR (95% CI)

cause dementia Sex of the subject

Male
Female
Study design
Prospective cohort
Retrospective cohort
Age
< 60 years
> 60 years
Diagnosing SDB
Using polysomnography
Self-reported/ICD coding based

1.38 (1.15, 1.66) (N = 6; I> = 82.3%)*
2.08 (1.57,2.76) (N = 4; > = 0.0%)*

1.31 (1.06, 1.61) (N =7; > = 51.1%)*
1.74 (1.42,2.12) (N = 8; I> = 80.8%)*

3.30 (1.68, 6.48) (N = 2; ’=15.3%)*
2.40 (1.65,3.48) (N = 2; I = 37.2%)*

1.32 (1.00, 1.74) (N = 6; > = 60.1%)
1.65 (1.39, 1.96) (N = 9; P> = 77.1%)*

*Statistically significant at P < 0.05; SDB, sleep-disordered breathing

Findings from pooled analysis

The pooled findings indicate that patients with sleep-
disordered breathing (SDB) had higher risk of all-cause
cognitive impairment and/or all-cause dementia (HR 1.52,
95% CI: 1.32, 1.74; N = 15, I> = 71.9%), when compared
to patients without SDB (Figure 2). No publication bias
was detected on Egger’s test (P = 0.37) or on the visual
inspection of the funnel plot (Supplementary figure 1).
SDB patients had higher risk of AD (HR 1.39, 95% CI:
1.17,1.66; N=6, I = 21.4%), compared to those without

Fig. 2 Risk of cognitive impair-
ment and/or all-cause dementia
in those with sleep-disordered
breathing (SDB), compared to
those without SDB

Author

Tsai (2020)
Lee (2019)

Blackwell (2015)

Chang (2013)
Lutsey (2016)
Martin (2015)
Yaffe (2011)
Yaffe (2015)

Sharafkhaneh (2005)

Lutsey (2018)
Osorio (2015)
Ding (2016)
Choe (2022)

Agudelo (2022)

Bubu (2019)

Overall (I-squared = 71.9%, p =0.000) | {

SDB (Figure 3). There was no publication bias (P = 0.83)
(Supplementary figure 2).

The risk of all-cause cognitive impairment and/or all-
cause dementia was higher in both males (HR 1.38, 95%
CI: 1.15, 1.66; N = 6, I> = 82.3%) and females (HR 2.08,
95% CI: 1.57,2.76; N = 4, I = 0.0%) with SDB, compared
to males and females without SDB (Table 2). Pooling of
findings from both prospective cohort (HR 1.31, 95% CI:
1.06, 1.61: N=17, I> = 51.1%) and retrospective cohort
studies (HR 1.74, 95% CI: 1.42,2.12; N = 8, I> = 80.8%)
showed a higher risk of SDB with all-cause cognitive

%
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Fig.3 Risk of Alzheimer’s
disease in those with sleep-
disordered breathing (SDB),
compared to those without SDB

%

Author HR (95% ClI) Weight
Tsai (2020) —— 2.17 (1.34,3.51) 11.54
Lee (2019) + 1.58 (1.01, 2.45) 13.26
Yaffe (2015) —0- 1.20 (1.01, 1.42) 44.30
Lutsey (2018) ——0:— 1.37 (0.82, 2.30) 10.26
Osorio (2015) —0— 1.52 (0.95, 2.43) 12.04
Bubu (2019) —+— 1.22 (0.69, 2.16) 8.60
Overall (l-squared =21.4%, p = 0.272) Q 1.39 (1.17, 1.66) 100.00
NOTE: Weights are from random effects analysis

impairment and/or all-cause dementia (Table 2). A higher
risk of all-cause cognitive impairment with SDB was
observed among patients younger than 60 years (HR 3.30,
95% CI: 1.68,6.48; N=2,I*> = 15.3%) and for those > 60
years (HR 2.40, 95% CI: 1.65, 3.48; N = 2, I* = 37.2%)
(Table 2). When studies with diagnosis of SDB based on
polysomnography were pooled together, the strength of
association between SDB and all-cause cognitive impair-
ment was weaker (HR 1.32, 95% CI: 1.00, 1.74; N = 6,
I’ = 60.1%) compared to studies with diagnosis of SDB
based on patient reports or ICD based codes (HR 1.65,
95% CI: 1.39, 1.96; N = 2, I* = 37.2%) (Table 2).

Discussion

Meta-analysis found that presence of SDB/OSA was sig-
nificantly associated with the risk of all-cause cognitive
impairment and/or all-cause dementia and AD. The risk of
cognitive impairment and/or all-cause dementia was higher
in both men and women with SDB/OSA, compared to men
and women without SDB/OSA. Studies with polysomnogra-
phy-based diagnosis of SDB/OSA had a weaker strength of
association with cognitive impairment compared to studies
with diagnosis of SDB based on patient reports or ICD based
codes. The findings are similar to those of previous reviews.
Leng et al., through pooled analysis of prospective studies,
observed that patients with SDB had 26% higher chance of
developing cognitive impairment compared to patients with-
out SDB [4]. Emamian et al. included prospective cohort
studies (n = 5) with a sample size of 236 subjects and that
found that patients with AD were 5 times more at risk of
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having OSA than cognitively normal subjects of the same
age [5].

Our current limited understanding on the factors linking
SDB/OSA with cognitive decline and/or dementia suggests
a multi-factorial causation [29]. The current view is that
the immediate effects of SDB/OSA such as hypoxemia and
sleep fragmentation may cause neuronal injury and thereby
affect memory, attention and executive functions [29-32].
Hypoxemia is also proposed to accelerate cognitive ageing
[30, 32]. Brain hypoperfusion, commonly seen in SDB/
OSA, has also been linked to the underlying pathological
process leading to dementia/AD [33] through mechanism
that involves hypoperfusion-induced chronic hypoxemia
that accelerates the progression of cerebral small vessel dis-
ease [34, 35]. This, in turn, leads to lesions in white matter,
lacunar infarcts, loss of grey matter and white matter fibre
abnormalities [32-37]. Additional concern is the develop-
ment of intermittent hypoxaemia and altered sleep archi-
tecture (such as sleep fragmentation and adverse impact on
REM sleep) that lead to metabolic derangements, oxidative
stress, inflammation and blood-brain barrier dysfunction
[32]. These processes together lead to reduced neurogenesis,
decreased plasticity, development of microinfarcts, changes
in grey and white matter and cerebral neuronal networks [32,
38, 39]. Studies have also shown increased accumulation
of amyloid plaques and hyperphosphorylated tau protein in
brain of patients with SDA/OSA [40, 41].

Studies have shown that obstructive sleep apnoea could
be associated with higher scores on depression and anxiety
scales when compared to individuals without this condition
[42-44]. Tt is crucial to recognize that these mood changes
can have significant repercussions on cognitive performance.
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These mood disturbances may result in difficulties with con-
centration, memory and decision-making, all of which are
essential components of cognitive functioning. Moreover,
individuals experiencing depression and anxiety often report
reduced motivation and energy levels, further contributing to
cognitive impairment. Therefore, consideration of the pos-
sible presence of affective disorders, such as depression and
anxiety, among OSA patients and their potentially adverse
impact cognitive performance is important.

SDB/OSA is a potentially treatable condition. Therefore,
its timely management can potentially lead to a reduced
risk of cognitive decline. Sonia et al. conducted a rand-
omized controlled trial to examine whether the treatment
with continuous positive airway pressure (CPAP) leads to
better cognitive function in AD patients with OSA [45].
The study found an improvement in the neuropsychologi-
cal scores in intervention group that received therapeutic
CPAP, compared to those that received placebo CPAP.
However, the study was small and involved only 52 mild
to moderate AD/OSA patients. Similarly, Troussiere et al.
evaluated annual mini-mental state examination (MMSE)
score decline in patients with mild to moderate AD (n =
23), based on whether the subjects received CPAP therapy or
not [46]. The study found significantly lower decline in the
group of patients that received CPAP therapy. Kushida et al.
conducted a two arm, double-blinded randomized controlled
(RCT) with the aim to understand the cognitive effects of
CPAP therapy in patients with documented OSA [47]. The
authors found a small and transient improvement in some
measures of executive function with the use of CPAP, espe-
cially in cases of severe OSA. A meta-analysis of RCTs (n
= 14) by Wang et al. demonstrated partial improvement of
cognitive impairment in patients with severe OSA after the
CPAP treatment [48]. In a large retrospective study that uti-
lized Medicare claims, data of around 50,0000 beneficiaries
that were aged older than 65 years found CPAP treatment to
be associated with lower risk of incident AD [49]. However,
there are studies that have also shown no beneficial effect
of CPAP on cognitive scores [50, 51]. Furthermore, while
CPAP is the most widely used management for SDB/OSA
and evidence is overall supportive of its role in reducing the
risk of cognitive impairment, there is still a need to identify
and test other treatment modalities and their effect on cogni-
tive performance in patients with SDB/OSA.

There are certain limitations of the current review. First,
in some of the studies, either ICD-based codes for SDB/OSA
were employed, or self-reported and questionnaire-based
assessments of apnoea were utilized. The absence of a direct,
objective assessment method in these instances may have intro-
duced bias into the analysis. For the same reason, we were also
unable to conduct stratified analysis based on the severity of
SDB. Second, we acknowledge that deriving hazard ratios (HR)
from either odds ratios or relative risks using statistical methods

may entail some degree of imprecision. Nevertheless, our pri-
mary objective was to maximize the utilization of available data
and extract the most insights possible. Third, our findings were
only focused on the risk of cognitive impairment/decline (as
categorical/dichotomous outcome) and we were unable to ana-
lyse continuous cognitive scores. The main reason was that the
included studies considered different cognitive outcomes and
used different tools for assessment, thereby posing challenge
to derive meaningful estimates. Even for the risk of cognitive
impairment/decline, the studies used different cutoffs that cor-
responded to a wide range of interpretation, i.e. from mild to
severe cognitive impairment. Therefore, we presented our find-
ings as risk of all-cause cognitive impairment/decline. Fourth,
in most of the included studies, there were baseline differences
in the characteristics of subjects with and without SDB/OSA.
We think that the associations observed in our analysis may
be influenced by these differences, to some extent. Fifth, there
were some studies in our review that had retrospective cohort
designs and therefore may not have collected data to allow for
adjustment for important confounders.

Conclusion

The findings of the current meta-analysis indicate a possi-
ble association of SDB/OSA with risk of all-cause cognitive
impairment and/or dementia. However, it is important to note
that the majority of the studies in our review did not rely on
objective assessment of SDB/OSA based on polysomnogra-
phy. Therefore, careful interpretation regarding the strength
and significance of the observed association is advised. Fur-
thermore, there is a possibility that unmeasured confound-
ers may influence or mediate this association. Consequently,
future studies should identify and consider adjustments for
important confounders such as hypertension, diabetes, obe-
sity, low physical activity, history of traumatic brain injury
or respiratory diseases, smoking, alcohol use and depression.
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