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Study Objectives: Dementia is associated with sleep disorders. However, the relationship between dementia and sleep arousal remains unclear. This study
explored the associations among sleep parameters, arousal responses, and risk of mild cognitive impairment (MCI).
Methods: Participants with the chief complaints of memory problems and sleep disorders, from the sleep center database of Taipei Medical University Shuang-
Ho Hospital, were screened, and the parameters related to the Cognitive Abilities Screening Instrument, Clinical Dementia Rating, and polysomnography were
determined. All examinations were conducted within 6 months and without a particular order. The participants were divided into those without cognitive impairment
(Clinical Dementia Rating = 0) and those with MCI (Clinical Dementia Rating = 0.5). Mean comparison, linear regression models, and logistic regression models
were employed to investigate the associations among obtained variables.
Results: This study included 31 participants without MCI and 37 with MCI (17 with amnestic MCI, 20 with multidomain MCI). Patients with MCI had significantly higher
mean values of the spontaneous arousal index and spontaneous arousal index in the non–rapid eye movement stage than those without MCI. An increased risk of
MCI was significantly associated with increased spontaneous arousal index and spontaneous arousal index in the non–rapid eye movement stage with various
adjustments. Significant associations between the Cognitive Abilities Screening Instrument scores and the oximetry parameters and sleep disorder indexes were
observed.
Conclusions: Repetitive respiratory events with hypoxia were associated with cognitive dysfunction. Spontaneous arousal, especially in non–rapid eye move-
ment sleep, was related to the risk of MCI. However, additional longitudinal studies are required to confirm their causality.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: The associations between dementia and sleep arousal remain unclear. Therefore, this study examined the associ-
ations among polysomnography parameters, the outcomes of Cognitive Abilities Screening Instrument and Clinical Dementia Rating in mild cognitive
impairment (MCI) and non-MCI participants.
Study Impact: The results indicated that the MCI patients demonstrated significantly higher mean values of the spontaneous arousal index and spontane-
ous arousal index in the non–rapid eye movement stage than the non-MCI patients. The apnea-hypopnea index and oxygenation-related parameters were
significantly associated with the Cognitive Abilities Screening Instrument score. The spontaneous arousal index and spontaneous arousal index in the
non–rapid eye movement stage were associated with the risk of MCI. These findings indicate that recurrent sleep-disordered breathing is related to poor
cognitive function and that spontaneous arousal is associated with the risk of MCI.

INTRODUCTION

Mild cognitive impairment (MCI) is a cognitive disorder
characterized by a decline in cognitive function; the extent of
cognitive impairment in MCI is somewhere between that seen

in age-associated cognitive decline and dementia, with no or
minimal decline in the activities of daily living. In 2019,
approximately 17.3% of the general population aged ≥ 60 years
were estimated to have MCI.1 Possible modifiable risk factors
for MCI include depression,2 diabetes mellitus,3 hypertension,4
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and sleep disorders.5 Obstructive sleep apnea syndrome
(OSAS), characterized by a repetitive and complete or partial
obstruction of the upper airway and respiratory airflow cessa-
tion during sleep, is a common sleep-disordered breathing con-
dition. OSAS can result in intermittent hypoxia related to apnea
or hypopnea, recurrent arousal response, and fragmented sleep;
it has also been associated with a higher risk of neuropsycho-
logical and memory dysfunction.6,7

Several mechanisms have been proposed to explain the rela-
tionship between cognitive decline and OSAS.7–9 Patients with
OSAS with intermittent hypoxia have worse cognitive function
than patients without hypoxia.10 A 2011 prospective study ana-
lyzed the sleep disorder characteristics of 298 older women
(age ≥ 65 years) without dementia and indicated that an
increased oxygen desaturation index (≥ 15 events/h) was asso-
ciated with the risk of MCI or dementia after adjustment for
age, body mass index (BMI), and ethnicity.11 Moreover, inter-
mittent hypoxia may increase reactive oxygen species forma-
tion, leading to oxidative stress, which may activate
inflammatory cytokines and cause brain neuronal injury.12

Recurrent arousal from sleep and sleep fragmentation are
risk factors for cognitive deficit. Sleep duration, continuity, and
intensity play major roles in hippocampal neurogenesis, synap-
tic plasticity, and memory formation and consolidation.7,13

Additionally, stable sleep is crucial for neurotoxic metabolite
clearance in the brain.14 Sleep arousal represents abrupt awak-
ening and is significantly associated with sleep deprivation,
which may causally affect neurodegeneration.15 A 2014 United
States cross-age study analyzed the sleep behaviors of 59 young
adults (mean age = 23.05 years) and 53 older adults (mean age
= 62.05 years)16 and found that sleep continuity was associated
with better cognitive performance and executive function in
both cohorts. Conversely, chronic fragmented sleep and sleep
arousal due to intermittent hypoxia may contribute to the devel-
opment of neurodegenerative disease.17 A recent review sug-
gested that sleep arousal was associated with higher b-amyloid
42 levels in the cerebrospinal fluid of patients with MCI.18

In a rodent study, sleep disruption contributed to cognitive
impairment and neurodegeneration.19 Together, these studies
indicate that frequent arousal resulting from reflex responses of
central and peripheral chemoreceptors stimulated by airway
obstruction or intermittent hypoxia may increase the risk of
cognitive impairment. However, the relationship between
cognitive decline and the subtypes of sleep arousal remains
unclear.

To explore the mechanisms underlying various sleep arousal
responses on cognitive impairment, investigating the effect of
various arousal responses caused by different stimuli is note-
worthy. For example, sleep-disordered breathing causes respi-
ratory arousal, which affects the duration of the rapid eye
movement (REM) sleep stage in patients with Alzheimer’s dis-
ease.20 Similarly, respiratory arousal was associated with sleep
fragmentation and was considered a risk factor for neurodegen-
eration.21 An increase in the periodic limb movement–related
arousal index was observed in patients with various neurode-
generative diseases.22 Although patients with cognitive impair-
ment have elevated scores in various subtypes of arousal index,
how these indices affect the risk of MCI remains unclear.

This explorative study not only compared sleep parameters
between non-MCI and MCI participants but also investigated the
associations between sleep disorder indices, including various
subtypes of sleep arousal, in different sleep stages and the scores
of cognitive assessments. We hope that the study results further
the understanding of the association among various subtypes of
sleep arousal, sleep hypoxia, and risk of cognitive impairment.

METHODS

Ethics
The protocol of this retrospective study was approved by the
Taipei Medical University–Joint Institutional Review Board
(TMU–JIRB: N201911007). The procedures of data collection,
steps of data deidentification, and statistical examination were
in accordance with the approved guidelines.

Study population
For this retrospective study, the target patients were those with
the chief complaints of memory problems and sleep disorders
from the sleep center of Taipei Medical University Shuang-Ho
Hospital (New Taipei City, Taiwan) between March 2015 and
October 2019. Their polysomnography (PSG) data and cognitive
assessment outcomes were obtained. The inclusion criteria were
as follows: (1) 18–85 years of age, (2) a total PSG recording time
of > 6 hours, (3) completion of the Cognitive Abilities Screening
Instrument (CASI) and the Clinical Dementia Rating (CDR),
with a CDR score of 0 (no cognitive impairment) or 0.5 (MCI),
(4) receipt of the PSG and cognitive assessment tests within a
6-month interval (in no particular examination order), (5) no cur-
rent surgery or noninvasive treatment, such as continuous posi-
tive airway pressure or oral appliance devices, for OSAS, and (6)
no central nervous system disorders such as tumor, stroke, or
major head trauma. All the eligible data were analyzed.

PSG results
In-laboratory PSG was conducted using the Embla N7000
(ResMed, San Diego, CA) or Embletta MPR system (Natus Medi-
cal, Pleasanton, CA) at the sleep center of Taipei Medical
University–Shuang-Ho Hospital. RemLogic software (version
3.41; Embla Systems, Thornton, CO) was employed as the scoring
interface. The scoring process involved scoring all the PSG physi-
ological signals by a licensed PSG technologist, and the scores
were reviewed by another technologist. Inconsistent scoring out-
comes were identified and further discussed to achieve a consen-
sus. All the scoring rules were in accordance with the 2017
American Academy of Sleep Medicine criteria.23 For the respira-
tory event, apnea (≥ 90% drop in oronasal thermal sensor signals)
and hypopnea (≥ 30% drop in nasal pressure sensor signals with≥
3% desaturation or combined with arousal occurrence) were deter-
mined. For arousal scoring, the abrupt shift in brainwave signals
with alpha (8–12 Hz), theta (4–8 Hz), or high frequency (> 16 Hz,
but not spindle) that occurred and lasted at least 3 seconds with at
least 10 seconds of steady sleep preceding the alteration was con-
sidered. OSAS severity was classified as none (apnea-hypopnea
index [AHI] < 5 events/h), mild (AHI: 5–15 events/h), moderate
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(AHI: 15–30 events/h), and severe (AHI ≥ 30 events/h).24 The
arousal index (ArI) score was calculated as the index sum of spon-
taneous arousal (SpArI), respiratory arousal (RArI, apnea or hypo-
pnea-induced), limb movement arousal (single, periodic, or
respiratory-related), and snore arousal. All the scoring technicians
were blinded to the cognitive assessment results of the patients. To
compare sleep parameters between patients with and without
MCI, data on PSG parameters, including sleep stages and architec-
ture, oximetry summary, and duration of respiratory events, were
obtained. Moreover, various arousal and sleep disorder indices
were measured to obtain data during total sleep time, REM sleep,
and non-REM (NREM) sleep.

Cognitive assessment
The CDR has been commonly used to determine a patient’s
cognitive impairment level, cognitive performance, and effects
of cognitive impairment and performance on daily activities.25

The CDR contains several subdomains, including memory, ori-
entation, judgment and problem-solving, community affairs,
home and hobbies, and personal care. Participants with a CDR
score of > 0 are suspected to have cognitive impairment.25

The CASI has been widely employed for screening individuals’
cognitive abilities and tracing the potential of dementia develop-
ment.26 It evaluates attention, concentration, orientation, short-
term and long-term memory, abstraction, judgment, and language
abilities; visual construction; and list-generating fluency.

This study collected CDR and CASI (CASI-2.0) data from
all eligible participants’ medical records. In addition, because
cognitive performance can be considerably affected by educa-
tional level, the statistical models used in this study were
adjusted for the participants’ educational background (years).

Statistical analysis
All statistical examinations were performed using SPSS (ver-
sion 20.0; IBM, Armonk, NY). The Shapiro-Wilk test was con-
ducted to examine data normality. Continuous variables were
compared using Student’s t test and the Mann-Whitney U test,
and nominal variables were evaluated using the chi-square test.
To investigate the associations between the CASI score and
sleep-related parameters, multiple linear regression models,
with adjustments for age, sex, BMI, and years of education,
were applied. The statistical outcomes are presented as stan-
dardized beta coefficients (bs) with 95% confidence intervals
(CIs). Next, simple and multivariable logistic regression models
(model 1 adjusted for age, sex, and BMI; model 2 adjusted for
age, sex, BMI, and oxygen desaturation index ≥ 3% [ODI-3%])
were employed to explore the relationship of variables between
the non-MCI (CDR = 0) and MCI (CDR = 0.5) groups. The
results are reported as crude or adjusted odds ratio (OR) with
95% CIs. The level of significance was set to P < .05.

RESULTS

Demographics of study participants
The participants’ baseline characteristics stratified by the CDR are
presented in Table 1. The data of 68 participants were

retrospectively analyzed, including 31 without MCI and 37 with
MCI (17 with amnestic MCI and 20 with multidomain MCI). No
significant differences were observed in age, sex, or BMI profiles
between the groups. The mean CASI score was higher in the non-
MCI group (87.58 ± 7.02) than in the MCI group (78.92 ± 12.59;
P < .01). Additionally, all CASI subdomain scores in the MCI
group were lower than those in the non-MCI group, with a signifi-
cant difference in the short-term memory (P < .01), orientation
(P < .05), and visual construction (P < .01) subdomains. OSAS
severity was not significantly different between the groups.

Sleep parameters of in-laboratory PSG
Table 2 presents the between-group comparisons of sleep
parameters. Sleep efficiency and the percentage of participants
in the wake stage in the MCI group were respectively nonsignif-
icantly lower and nonsignificantly higher than those in the non-
MCI group. Oximetry parameters and sleep disorder indices
were not significantly different between the groups, both over-
all and for those in different sleep stages.

Table 3 presents a comparison of the arousal indices
between the groups. The average values of the SpArI and SpArI
in the NREM stage (SpArINREM) were significantly higher in
patients with MCI than in those without MCI (SpArI: P < .05;
SpArINREM: P < .05). No significant differences were observed
between patients with MCI and patients without MCI in the
SpArI in the REM stage, RArI, RArI in the NREM stage, or
RArI in the REM stage.

Associations between sleep parameters and
CASI score
Table 4 presents a summary of the associations between sleep
parameters and CASI total score obtained using multivariable
linear regression adjusted for age, sex, BMI, and education
years. A 1% decrease in minimum SaO2 was significantly asso-
ciated with a decreased CASI score (0.30, 95% CI: 0.06–0.55,
P < .05). The increases of 1 event of ODI-3% and AHI occur-
ring per hour of sleep were significantly associated with a
decreased CASI score (ODI-3%: 20.29, 95% CI: 20.53 to
20.05, P < .05; AHI:20.31, 95% CI:20.55 to20.06, P < .05;
respectively). None of the arousal indices in any sleep stage had
significant associations with the CASI score.

Increased arousal response associated with the risk
of MCI
Table 5 illustrates the associations of arousal indices between
patients with and without MCI obtained using logistic regres-
sion models. An increase of 1 event of spontaneous arousal per
hour of sleep was associated with a 1.12-fold elevated odds
ratio (OR; 95% CI: 1.012 1.24, P < .05) of presenting with
MCI in model 1 adjusted for age, sex, BMI and a 1.16-fold ele-
vated OR (95% CI: 1.032 1.30, P < .05) of presenting with
MCI in model 2 with additional adjustment for ODI-3%. The
result was similar when the analysis was restricted to only the
NREM period (model 1: OR: 1.12, 95% CI: 1.02–1.23, P < .05;
model 2: OR: 1.15, 95% CI: 1.032 1.29, P < .05). None of the
respiratory-related arousal indices were significantly associated
with MCI.
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Subgroup analysis for sex difference
More women than men were enrolled in the MCI group, and
because women tend to have more arousals, this study performed
a subgroup analysis for sex to identify differences between men
and women in sleep parameters and cognitive assessments.
Table S1,Table S2,Table S3, andTable S4 in the supplemental
material present the mean values and statistical test results. The
minimum peripheral arterial oxygen saturation measured by
pulse oximetry (SpO2), ODI-3%, and AHI were significantly
associated with CASI score only in men. The SpArI and SpArIN-
REM were significantly associated with an elevated risk ofMCI in
men; the ArI and ArINREM were associated with an increased risk
of MCI in model 2 in men only. None of the arousal indices were
significantly associated with risk ofMCI in women.

Sensitivity analysis for the dataset that excluded
participants without REM sleep during PSG
Because this study compared sleep parameters in the REM and
NREM stages, values were missing for REM stage variables in
participants without a REM stage. Consequently, this could
have caused underestimation of the event index of the
NREM period because the participants who did not have
REM sleep may have exhibited longer NREM sleep duration.
Therefore, we performed sensitivity analyses for the dataset
that excluded participants without REM sleep during PSG.

Table S5, Table S6, Table S7, Table S8, and Table S9 in
the supplemental material list the statistical results. Two
female participants with MCI were excluded due to lack of
REM sleep. Most sleep parameters demonstrated similar out-
comes compared with the results of including non-REM partici-
pants. The mean ArI in the NREM stage (ArINREM) was
significantly higher in patients with MCI than in those without
MCI (P < .05). In addition, significant associations between
decreased CASI score, hypopnea index, and especially
hypopnea index in the non–rapid eye movement stage were
observed.

DISCUSSION

Sleep-disordered breathing and related clinical symptoms, such
as intermittent hypoxia, arousal response, and fragmented
sleep, have a strong relationship with the pathophysiology of
MCI. However, how they affect cognitive decline has remained
uncertain. Therefore, we compared various sleep indices
between participants with and without MCI and determined
their relationships with the CASI score. Furthermore, the asso-
ciations between sleep disorder indices and various arousal
indices were explored and compared between participants with
and without MCI.

Table 1—Demographic characteristics of the participants stratified by Clinical Dementia Rating score.

Categorical Variable Non-MCI Group (n = 31) MCI Group (n = 37) P

Age (y)a 68.19 ± 7.35 69.65 ± 7.71 .43

Sex (male/female)b 20/11 18/19 .19

BMI (kg/m2)a 24.16 ± 2.84 23.46 ± 3.98 .41

Neck circumference (cm)a 36.13 ± 3.23 35.14 ± 3.08 .20

Waist circumference (cm)a 86.51 ± 9.63 85.68 ± 10.31 .73

Education (years)c 9.94 ± 4.70 9.51 ± 4.08 .57

CASI scorec 87.58 ± 7.02 78.92 ± 12.59 < .01

Long-term memory 9.77 ± 0.56 9.51 ± 1.35 .86

Short-term memory 10.16 ± 2.31 7.08 ± 3.28 < .01

Attention 6.61 ± 1.28 6.16 ± 1.3 .16

Concentration 7.90 ± 2.01 7.38 ± 2.63 .59

Orientation 17.00 ± 1.77 15.08 ± 4.09 < .05

Abstraction and judgment 9.26 ± 1.69 8.65 ± 1.92 .18

Language abilities 9.58 ± 0.81 9.35 ± 1.25 .45

Visual construction 9.97 ± 0.18 9.27 ± 1.39 < .01

Category fluency 7.00 ± 2.13 6.19 ± 2.44 .41

OSAS severity, n (%)b .94

Normal 4 (12.90%) 5 (13.52%)

Mild 6 (19.35%) 9 (24.32%)

Moderate 9 (29.03%) 11 (29.73%)

Severe 12 (38.71%) 12 (32.43%)

Data are expressed as mean ± SD. aDifferences between groups were assessed using Student’s t test. bDifferences between groups were assessed using the
chi-square test. cDifferences between groups were assessed using the Mann-Whitney U test. BMI = body mass index, CASI = Cognitive Abilities Screening
Instrument, MCI = mild cognitive impairment, OSAS = obstructive sleep apnea syndrome.
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The mean values of the SpArI significantly differed between
patients with and without MCI; moreover, patients with MCI
had lower sleep efficiency and higher wake percentage. Sleep
arousal refers to the abrupt alteration from a sleep period to par-
tial wakefulness and the subsequent return to sleep.27 Accord-
ingly, frequent sleep arousals fragment the sleep cycle, affect
the sleep architecture, and interrupt the metabolism of neurode-
generative biomarkers. A 2014 longitudinal study indicated that
decreased sleep efficiency and frequent awakenings of > 5
minutes during sleep were associated with subsequent cognitive
decline among 2822 cognitively healthy community-dwelling
older men.28 Another study suggested associations between
poor self-reported sleep efficiency and higher neurodegenera-
tive biomarker levels in the cerebral spinal fluid of 101 healthy
adults.29 Furthermore, sleep arousals may disrupt continuous
sleep, indirectly interrupting neurotoxic protein removal from
the brain,30 which may increase the risk of MCI. However, no
difference was noted in the RArI values in NREM or REM
stages in the present study; this may be because OSAS severity
and oximetry parameters were not significantly different
between the groups. The SpArI in the NREM stage was signifi-
cantly higher in the MCI group than in the non-MCI group.
NREM sleep consolidates long-term memories and strengthens
memories by promoting interactions between the hippocampus

and neocortex.31–33 Spontaneous arousal from NREM sleep
may disrupt this mechanism and cause cognitive decline. Col-
lectively, our findings agreed with that of other studies that
patients with cognitive impairment have higher sleep arousal
indices and wake percentages.

Regarding the respiratory event and RArI values in this
study, the approximate values of the AHI and ODI-3% were
determined. The mean value of respiratory arousal induced by
apnea or hypopnea was lower than the AHI. These outcomes
may be explained by the observation that the majority of respi-
ratory events were accompanied with oxygen desaturation, and
a few respiratory events were accompanied with arousal termi-
nation. Previous related studies have indicated that 20%–30%
of respiratory events were not terminated with a arousal
response.34,35 Another recent study recruited continuous posi-
tive airway pressure–treated patients and lowered the support
level to simulate hypoxia and obstructive airflow.36 Those out-
comes indicated that the average 6.4 ± 1.1 respiratory events
terminated without arousal, whereas the mean of respiratory
events terminated with arousal was 9.6 ± 1.4. Collectively, the
lower RArI in this current study is in accordance with previous
findings.

Next, our findings indicated that the overall SpArI values
and those during NREM sleep were associated with an

Table 2—Comparison of sleep parameters between the participants with and without MCI.

Categorical Variable Non-MCI Group (n = 31) MCI Group (n = 37) P

Sleep architecture

Sleep efficiency (%) 72.20 ± 12.19 67.92 ± 20.18 .67

Wake (% of SPT) 22.63 ± 11.77 26.98 ± 18.51 .61

NREM (% of SPT) 69.30 ± 10.98 63.88 ± 16.28 .30

REM (% of SPT)a 8.09 ± 6.15 9.67 ± 5.08 .26

WASO (min) 76.24 ± 38.55 87.84 ± 56.42 .74

TST (min) 261.69 ± 45.37 247.29 ± 72.69 .76

Oximetry parameter

Mean SpO2 (%) 95.41 ± 1.69 95.76 ± 1.42 .59

Minimum SpO2 (%) 83.55 ± 7.72 85.32 ± 7.75 .13

ODI-3% (events/h) 23.55 ± 16.76 22.41 ± 16.42 .83

Sleep disorder index (events/h)

AHI 24.61 ± 17.53 22.81 ± 16.43 .73

AI 3.25 ± 3.88 6.05 ± 10.66 .80

AINREM 2.84 ± 3.46 6.02 ± 11.11 .71

AIREM
a 6.40 ± 11.99 6.27 ± 11.62 .33

HI 21.35 ± 16.87 16.76 ± 13.08 .35

HINREM 21.13 ± 17.65 16.22 ± 13.44 .38

HIREM
a 22.97 ± 20.96 22.04 ± 19.19 .45

Data are expressed as mean ± SD. Differences between groups were assessed using the Mann-Whitney U test. aTwo participants with MCI did not have
a REM stage during the polysomnography. AHI = apnea-hypopnea index, AI = apnea index, AINREM = apnea index in the non–rapid eye movement stage,
AIREM = apnea index in the rapid eye movement stage, HI = hypopnea index, HINREM = hypopnea index in the non–rapid eye movement stage, HIREM =
hypopnea index in the rapid eye movement stage, MCI = mild cognitive impairment, NREM = non–rapid eye movement, ODI-3% = oxygen desaturation index
≥ 3%, REM = rapid eye movement, SpO2 = peripheral arterial oxygen saturation measured by pulse oximetry, SPT = sleep period of time, TST = total sleep
time, WASO = wake time after sleep onset.
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increased risk of MCI. After adjustment for the desaturated
oxygen desaturation effect (ODI-3%), the significant associa-
tions remained. This may be due to the sleep fragmentation
caused by repetitive spontaneous arousals from sleep. As men-
tioned earlier, after the initial arousal phase, individuals often
experience a lighter sleep stage or even wakefulness; this may
impair memory consolidation and neurodegenerative protein
metabolism. Similar observations were documented in previous
studies. Lower mean sleep efficiency was significantly associ-
ated with the risk of MCI in 473 older American women.37 A
2012 study explored the effect of sleep fragmentation on mem-
ory function decline in 24 participants and reported changes in
the sleep architecture and brainwave density in the participants
with MCI, which appeared to negatively affect memory consol-
idation.38 Another Australian study in 2010 reported that the
elevated total arousal index was related to poor nonverbal learn-
ing and problem-solving in 15 patients with MCI.39 Regarding
NREM sleep, a 2008 study concluded that after arousal from
NREM sleep, the cerebral blood flow velocity declined by
15%.40 A 2012 report noted an elevated number of arousal
events in NREM and reduced sleep efficiency in 25 amnestic
patients with MCI with apolipoprotein E genotyping-4 expres-
sion (ApoE-4).41 Similarly, the arousal index was also
increased in NREM sleep in 25 Italian older adults with MCI.42

The present study also observed that an increased risk of MCI
was associated with the SpArINREM. Furthermore, regarding the
arousal effect between respiratory events and spontaneous

occurrence, the aforementioned nonsignificant difference in the
RArI and its values in NREM or REM stages between the
non-MCI and MCI groups may prevent us from drawing a con-
clusion. In other words, the similar OSAS severity and sleep
disorder indices in these 2 groups may reflect similar responses
of respiratory arousal. Additional studies controlling for the
OSAS factor are required to compare the effects of spontaneous
and respiratory arousals. Taken together, the findings imply
that spontaneous sleep arousal, especially in the NREM stage,
may reduce cerebral blood flow, affect memory consolidation,
and increase MCI risk.

The relationships between sleep parameters and cognitive
function decline were explored in this study. The CASI score
was negatively associated with AHI and ODI-3% but positively
associated with the minimum SpO2. These observations may
partially be explained by the fact that intermittent hypoxic epi-
sodes altered the structure of the hippocampus, which is
involved in learning and memory. Oxidative stress may be
another risk factor. A review article concluded that OSAS-
induced intermittent hypoxia can elevate hypoxia-inducible
factor-1a protein expression and the reactive oxygen species
level in the hippocampal neurons of a rodent model. Thus, hip-
pocampal disruption can impair both long-term potentiation
and spatial memory, eventually leading to cognitive impairment
in the intermittent hypoxia animal model.43 Consistent with our
findings on the interaction between chronic hypoxemia and
cognitive decline, a Canadian study reported that patients with

Table 3—Comparison of arousal indices between the participants with and without MCI.

Arousal Variable (Events/h) Non-MCI Group (n = 31) MCI Group (n = 37) P

ArI 20.26 ± 9.66 23.19 ± 9.89 .11

ArINREM 20.30 ± 10.40 23.91 ± 10.52 .08

ArIREM
a 23.23 ± 25.48 19.97 ± 16.88 .45

SpArI 8.43 ± 4.48 11.94 ± 7.30 < .05

SpArINREM 8.56 ± 4.70 12.46 ± 8.03 < .05

SpArIREM
a 6.35 ± 7.13 10.18 ± 10.89 .07

RArI 10.14 ± 9.57 9.51 ± 8.99 .78

RArINREM 10.10 ± 9.99 9.61 ± 9.27 .84

RArIREM
a 10.92 ± 14.13 11.31 ± 14.63 .36

SnArI 0.30 ± 0.9 0.09 ± 0.31 .65

SnArINREM 0.23 ± 0.78 0.09 ± 0.34 .73

SnArIREM
a 1.06 ± 3.67 0.08 ± 0.34 .41

LArI 1.32 ± 1.29 1.52 ± 1.42 .66

LArINREM 1.35 ± 1.40 1.62 ± 1.60 .57

LArIREM
a 4.69 ± 21.46 0.58 ± 1.31 .22

Data are expressed as mean ± SD. Differences between groups were all assessed using the Mann-Whitney U test. aTwo participants with MCI did not have a
REM stage during the polysomnography. ArI = arousal index, ArINREM = arousal index in the non–rapid eye movement stage, ArIREM = arousal index in the
rapid eye movement stage, LArI = limb movement arousal index, LArINREM = limb movement arousal index in the non–rapid eye movement stage, LArIREM =
limb movement arousal index in the rapid eye movement stage, MCI = mild cognitive impairment, RArI = respiratory arousal index, RArINREM = respiratory
arousal index in the non–rapid eye movement stage, RArIREM = respiratory arousal index in the rapid eye movement stage, REM = rapid eye movement, SnArI
= snore arousal index, SnArINREM = snore arousal index in the non–rapid eye movement stage, SnArIREM = snore arousal index in the rapid eye movement
stage, SpArI = spontaneous arousal index, SpArINREM = spontaneous arousal index in the non–rapid eye movement stage, SpArIREM = spontaneous arousal
index in the rapid eye movement stage.
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MCI with a higher AHI and those with nocturnal hypoxemia
had significantly lower memory and information processing
speed.44 Another study documented that functional connectiv-
ity, which was positively correlated with CASI scores, was neg-
atively associated with the AHI in a south Taiwan population.45

Overall, elevated AHI and hypoxemia-related parameters were
considered the risk factors for MCI in patients with sleep-
disordered breathing.

This study had some limitations. First, amyloid or tau posi-
tron emission tomography images and cerebrospinal fluid sam-
ples were not available for our participants, precluding a
comprehensive assessment of neurodegenerative biomarkers.
We were unable to investigate the bidirectional effect between
hyperphosphorylation in the ascending arousal system and tau
or amyloid pathology. These data may provide robust evidence
for associations among sleep-disordered breathing, arousal
responses, and cognitive impairment. Second, the brain images
of recruited participants were not collected for analysis,

although we excluded participants with central nervous system
lesions. Detailed brain magnetic resonance imaging data may
provide insights into alterations in columns of the targeted brain
region, which may have implications for the associations
among MCI, hypoxia, and sleep arousal response. Third,
genetic factors, especially ApoE-4, enhance the risk of cogni-
tive decline.46 However, we did not collect blood samples to
determine gene expression data. Furthermore, this was a single-
center study with all participants being Han Taiwanese; there-
fore, our results may not be generalizable to other ethnicities.
Additional multicenter studies that include multiple ethnicities
are required. Moreover, sleep parameters from in-laboratory
PSG may be affected by several other factors not measured in
the present study, including environmental factors, the com-
plexity of the examination equipment, and the first-night effect.
To mitigate these effects and comprehensively understand sleep
conditions, repetitive in-laboratory PSG or consecutive home
sleep testing should be considered. Moreover, sleep arousal has

Table 4—Associations between sleep parameters and CASI score.

Categorical Variable Beta Coefficient (95% CI) P

Oximetry parameter

Mean SpO2 (%) 0.08 (20.17 to 0.33) .52

Minimum SpO2 (%) 0.30 (0.06 to 0.55) < .05

ODI-3% (events/h) 20.29 (20.53 to 20.05) < .05

Sleep disorder index (events/h)

AHI –0.31 (–0.55 to –0.06) < .05

AI –0.17 (–0.41 to 0.06) .15

AINREM –0.19 (–0.43 to 0.04) .11

AIREM
a 20.03 (20.27 to 0.21) .79

HI –0.23 (–0.48 to 0.01) .06

HINREM –0.24 (–0.49 to 0.01) .06

HIREM
a 20.15 (20.4 to 0.1) .23

Arousal variable (events/h)

ArI 20.15 (20.40 to 0.11) .25

ArINREM 20.16 (20.41 to 0.09) .20

ArIREM
a 20.0 (20.25 to 0.24) .99

SpArI 20.01 (20.23 to 0.25) .94

SpArINREM 20.0 (20.24 to 0.23) .98

SpArIREM
a 20.0 (20.25 to 0.24) .97

RarI 20.15 (20.40 to 0.09) .22

RArINREM 20.16 (20.41 to 0.09) .20

RArIREM
a 20.14 (20.39 to 0.11) .28

Multivariable linear regression models were adjusted for age, sex, body mass index, and education years. aTwo participants with MCI did not have a REM
stage during the polysomnography. AHI = apnea-hypopnea index, AI = apnea index, AINREM = apnea index in the non–rapid eye movement stage, AIREM =
apnea index in the rapid eye movement stage, ArI = arousal index, ArINREM = arousal index in the non–rapid eye movement stage, ArIREM = arousal index in
the rapid eye movement stage, CASI = Cognitive Abilities Screening Instrument, CI = confidence interval, HI = hypopnea index, HINREM = hypopnea index in
the non–rapid eye movement stage, HIREM = hypopnea index in the rapid eye movement stage, MCI = mild cognitive impairment, ODI-3% = oxygen
desaturation index ≥ 3%, RArI = respiratory arousal index, RArINREM = respiratory arousal index in the non–rapid eye movement stage, RArIREM = respiratory
arousal index in the rapid eye movement stage, REM = rapid eye movement, SpArI = spontaneous arousal index, SpArINREM = spontaneous arousal index in
the non–rapid eye movement stage, SpArIREM = spontaneous arousal index in the rapid eye movement stage, SpO2 = peripheral arterial oxygen saturation
measured by pulse oximetry.
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been associated with the variability of the heart rate and blood
pressure.47 Investigating the relationships between these hemo-
dynamic parameters and different arousal types may provide
further understanding of the effect of arousal-induced heart-
brain interaction on MCI development. Therefore, future work
should conduct such an investigation. Furthermore, various fac-
tors may alter the sleep architecture of PSG, such as long-term
sleep deprivation; daytime naps; daytime physical activity;
usage of alcohol, caffeine, or tobacco; and medications (eg,
hypnotics or antidepressants). The lack of this background
information limits the exploration of relationships between
PSG parameters and cognitive assessment outcomes. The num-
ber of short awakening events without arousal scoring, because
of the insufficient arousal duration (< 3 seconds) or the lack of
steady sleep preceding the event (< 10 seconds), was not calcu-
lated; however, other parameters were considered for evaluat-
ing the awakening time (eg, wake time after sleep onset, total
sleep time, and sleep efficiency). This factor may also affect
cognitive function and should be considered in future work.
Finally, this study analyzed random one-night PSG outcomes.
Because neurodegeneration is a long-term process,48 a longitu-
dinal study with continuous follow-up (eg, annually) for PSG
and cognitive assessment is essential for investigating the
causal relationships among sleep arousal, hypoxemia, and cog-
nitive function. Therefore, further studies that include multiday
sleep parameters, regular follow-ups, biomarkers of neurode-
generative disorder and detailed brain images, and participants
from various ethnicities are required to provide robust evidence
of the effect of sleep parameters on cognitive function.

CONCLUSIONS

By using a dataset on sleep parameters and cognitive assess-
ments in a northern Taiwan population, we found the CASI

score had positive associations with minimum SpO2 and nega-
tive associations with the AHI and ODI-3%. Sleep-disordered
breathing and intermitted hypoxia were related to cognitive
dysfunction. Moreover, this study demonstrated correlations
between overall SpArI values and those during NREM sleep
and risk of MCI. Patients with MCI had significantly higher
values of the SpArI and SpArINREM. These outcomes imply
that the spontaneous arousal response, especially when occur-
ring in the NREM stage, was associated with global brain func-
tion and the risk of MCI. However, to confirm the causality, a
further longitudinal study is required.

ABBREVIATIONS

AHI, apnea-hypopnea index
ArI, arousal index
ArINREM, arousal index in the non–rapid eye movement stage
BMI, body mass index
CASI, Cognitive Abilities Screening Instrument
CDR, Clinical Dementia Rating
CI, confidence interval
MCI, mild cognitive impairment
NREM, non–rapid eye movement
ODI-3%, oxygen desaturation index ≥ 3%
OR, odds ratio
OSAS, obstructive sleep apnea syndrome
PSG, polysomnography
RArI, respiratory arousal index
REM, rapid eye movement
SpArI, spontaneous arousal index
SpArINREM, spontaneous arousal index in the non–rapid eye

movement stage
SpO2, peripheral arterial oxygen saturation measured by pulse

oximetry

Table 5—Associations (ORs) of arousal indices between the participants with and without MCI.

Arousal Variable (Arousals/h) Crude OR (95% CI)a Model 1 (95% CI)b Model 2 (95% CI)c

ArI 1.03 (0.98–1.09) 1.06 (1.00–1.13) 1.08 (1.00–1.16)

ArINREM 1.04 (0.99–1.09) 1.06 (1.00–1.12) 1.08 (1.01–1.15)

ArIREM
d 0.99 (0.97–1.02) 0.99 (0.97–1.02) 0.99 (0.97–1.02)

SpArI 1.12 (1.01–1.23)† 1.12 (1.01–1.24)† 1.16 (1.03–1.30)†

SpArINREM 1.11 (1.01–1.23)† 1.12 (1.02–1.23)† 1.15 (1.03–1.29)†

SpArIREM
d 1.05 (0.99–1.11) 1.06 (0.99–1.12) 1.06 (0.99–1.13)

RarI 0.99 (0.94 to 1.05) 1.01 (0.95 to 1.06) 0.99 (0.90 to 1.10)

RArINREM 1.00 (0.95 to 1.05) 1.01 (0.95 to 1.06) 1.00 (0.90 to 1.10)

RArIREM
d 0.99 (0.95 to 1.03) 1.00 (0.96 to 1.04) 0.99 (0.95 to 1.04)

†P < .05. aSimple logistic regression models. bModel 1: adjusted for age, sex, body mass index. cModel 2: adjusted for age, sex, body mass index, and
ODI-3%. dTwo participants with MCI did not have a REM stage during the polysomnography. ArI = arousal index, ArINREM = arousal index in the non–rapid eye
movement stage, ArIREM = arousal index in the rapid eye movement stage, CI = confidence interval, MCI = mild cognitive impairment, ODI-3% = oxygen
desaturation index ≥ 3%, OR = odds ratio, RArI = respiratory arousal index, RArINREM = respiratory arousal index in the non–rapid eye movement stage,
RArIREM = respiratory arousal index in the rapid eye movement stage, REM = rapid eye movement, SpArI = spontaneous arousal index, SpArINREM =
spontaneous arousal index in the non–rapid eye movement stage, SpArIREM = spontaneous arousal index in the rapid eye movement stage.
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