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Objectives: Conducting a systematic analysis of objective measurement tools to
assess the characteristics of macroscopic sleep architecture in patients with mild
cognitive impairment (MCI), amnestic MCI (aMCl), and non-amnestic MCI (naMCl)
in order to provide sleep disorder guidance for MCI patients.

Methods: PubMed, EMbase, Web of Science, Cochrane Library, CNKI, SinoMed,
Wanfang Data, and VIP Data were examined to find literature relating to sleep in
patients with MCI, aMCl, and naMClI, with a search time frame of build to April 2023.
Following independent literature screening, data extraction, and quality evaluation
by two researchers, statistical analysis was performed using RevMan 5.4 software.

Results: Twenty-five papers with 1,165 study subjects were included. Patients with
MCI and aMCI were found to have altered total sleep time (TST), reduced sleep
efficiency (SE), more wake-time after sleep onset (WASO), longer sleep latency
(SL), a higher proportion of N1 stage and a lower proportion of N2 and N3 stage.
naMCI was only found to have statistically significant differences in WASO.

Conclusions: The results of this study provide evidence for macroscopic sleep
architecture abnormalities among MCI patients with sleep disorders. Maintaining
a normal sleep time, improving SE, and reducing sleep fragmentation may have
an association with a slowed development of cognitive impairment. Further
exploration is required of the effects each component of macroscopic sleep
structure after the intervention has on altered sleep disturbance and cognition in
MCI, aMCl, and naMClI.

Systematic review registration: https://www.crd.york.ac.uk/prospero/
display_record.php?ID=CRD42023401937, identifier: CRD42023401937.

KEYWORDS

mild cognitive impairment, amnestic mild cognitive impairment, nhon-amnestic mild
cognitive impairment, sleep, macroscopic sleep architecture, systematic review

1. Introduction

Alzheimer’s disease (AD) is a neurodegenerative disease that is characterized by
progressive memory decline and the decline of other cognitive functions. It is insidious,
difficult to diagnose early, and irreversible (1). Studies have shown that the number of people
diagnosed with AD is anticipated to be 131.5 million by 2050 (2), so the early identification of
AD is crucial. Mild cognitive impairment (MCI) was initially introduced by Barry Reisberg
et al. (3) in 1988 as an intermediate clinical stage between normal cognition and AD and it
is characterized by memory loss and slower brain processing, generally affecting the quality
of life of older people. Epidemiological studies have revealed that ~10-12% of MCI patients
progress to AD each year, with 80% of patients developing AD after 6 years of follow-up
(4). MCI can be divided into amnestic MCI (aMCI) and non-amnestic MCI (naMCI)
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depending on the involvement of cognitive domains, aMCI is more
likely to turn into AD than naMCI (5). aMCl is the classic precursor
to dementia of AD origin (6) and ~80% of aMCI patients will
develop AD within 6 years (7). It has also been found that naMCI
has the highest prevalence and incidence in the MCI subgroup (8).
Therefore, in addition to MCI patients being a priority population,
the early identification and diagnosis of aMCI and naMCI
patients are of particular importance for intervening and slowing
down progression.

Sleep disorders are abnormalities in sleep quantity or quality
(9) and they are prevalent among AD patients, up to 70% of
whom report sleep disorders (10). They are also the most clinically
significant symptom among MCI patients, with a prevalence of
13.8% in a population-based sample and 48% in a clinical sample
(11). Current research on sleep disorders in MCI patients has
mostly examined the relationship between MCI and sleep disorders
and sleep disorder treatment for MCI patients. However, there are
relatively few studies on the objective assessment of macroscopic
sleep structure in MCI patients, those that exist have found that
the resolution of sleep disorder problems among MCI patients
begins with an assessment of the complaints and sleep structure of
patients (9).

In previous studies, Hu et al. (12), D’Rozario et al. (13), and
Cai et al. (14) conducted systematic evaluations of objectively
measured sleep disturbances in MCI and aMCI patients. Hu et al.
(12) and D’ Rozario et al. (13) found MCI patients to have a
reduction in total sleep time (TST), decreased sleep efficiency
(SE) and sleep latency (SL), longer wake time after sleep onset
(WASO), longer rapid eye movement latency (REML), reduced
rapid eye movement (REM) sleep and longer N1 sleep. Hu et al.
(12) and Cai et al. (14) discovered that aMCI patients had
reduced SE, longer N1 sleep, and shorter N2 sleep. However,
these studies (12-14) only included case-control studies and no
other study types were considered for inclusion. They either
studied sleep disturbances in MCI patients or aMCI patients
but did not examine changes in sleep architecture in naMCI
patients in comparison to normal older adults. Therefore, this study
includes case-control studies in addition to other study types for
systematic evaluation and the systematic evaluation method will
analyse objective measurement tools to assess the characteristics
of macroscopic sleep architecture in MCI, aMCI, and naMCI
patients. This will serve to provide guidance for sleep disorder
interventions among MCI patients, which will improve their
quality of sleep and slow down the conversion of MCI patients to
AD patients.

2. Methods

This  review is  registered in the PROSPERO
(CRD42023401937).  This  systematic  review  followed
Preferred Reporting Items for Systematic Reviews and

Meta-Analyses guidelines (PRISMA) (15). It includes case-
control studies, cohort studies, and longitudinal studies of
macroscopic sleep architecture in older patients with mild
cognitive impairment.

Frontiersin Psychiatry

10.3389/fpsyt.2023.1212514

2.1. Search strategy

Computer searches were conducted on PubMed, EMbase,
Web of Science, Cochrane Library, China National Knowledge
Infrastructure (CNKI), SinoMed, Wanfang Data, and VIP Data.
The search time frame was from database creation to April
2023, with subject terms and free terms grouped according to
Boolean logic operators, and references included in the literature
tracked to ensure completeness. The search terms include

» » <

“Cognitive Dysfunction,” “Mild Cognitive Impairment,” “Cognitive
Impairment, Mild,” “Cognitive Impairments, Mild,” “Impairment,
Mild Cognitive,” “Impairments, Mild Cognitive,” “Mild Cognitive
Impairments;” “Mild Neurocognitive Disorder,; “Disorder,
Disorders, Mild Neurocognitive,” “Mild

Neurocognitive Disorders,” “Neurocognitive Disorder, Mild,

» o«

Mild Neurocognitive,

“Neurocognitive Disorders, Mild,” and “sleep”.

2.2. Literature inclusion and exclusion
criteria

Inclusion criteria: (1) study participants (Age > 60 years)
should have a clear criteria diagnosis of MCI/aMCI/naMCI; (2)
the control group should meet the age-matched cognitively normal
healthy elderly (age > 60 years); (3) this review includes original
literature from case controls, cohort studies, and longitudinal
studies; (4) the measurement of detection of the outcome is clear:
the measurement of evaluating sleep quality should include at least
one objective measure: Polysomnography (PSG) or Actigraphy;
(5) the outcome contains macroscopic sleep structures and sleep
parameters; (6) sample size, Mean and standard deviation (SD)
are provided.

Exclusion criteria: (1) the study was a duplicate report; (2) the
study design was flawed and of poor quality; (3) the results were
incomplete or unclear and the quantitative information did not
provide means and standard deviations; (4) the statistical methods
were incorrect and could not be corrected.

2.3. Sleep assessment methods and
objective indicators

The main measurements of sleep assessment are PSG and
Actigraphy. PSG monitors brain activity in real-time through
the collection of brain waves by electrodes and simultaneously
records physiological indicators including electroencephalogram
(EEG), electromyogram (EMG), and electrooculogram (EOG) for
analyzing the sleep structure and respiratory status of subjects. This
is the gold standard for detecting sleep disorders (16). Actigraphy
device involves a sensor, memory, and data analysis system
for objectively recording and integrating the body movement
frequency of a patient to analyse sleep status. It is recommended
by the American Academy of Sleep Medicine (AASM) as a home
sleep monitoring measurement for healthy adults and patients with
particular sleep disorder types (17). Most Actigraphy devices can
only be used for determining sleep-wake patterns and cannot detect
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or further analyse sleep stages (light, deep, or REM sleep) (18).
PSG monitoring is based on information that is recorded on the
EEG, EOG, and chin EMG for determining wakefulness and sleep
stages together. Due to the numerous brands and models that are
available on the market, most Actigraphy devices require the use
of software for activation and set-up, data reading, and analysis
(19). According to the AASM Handbook for the Interpretation of
Sleep and Related Events (20) and the Handbook of Standardized
Terminology, Techniques and Classification Systems for Human
Sleep Stages by Rechtschaffen and Kales (21), PSG measures the
following sleep structure parameters: light out time (hh: mm), light
on time (hh: mm), total recording time (TRT; min), SL (min),
TST (min), WASO (min), REML (min), SE (%), wake time (min),
non-rapid eye movement (NREM) sleep duration, including N1
(S1) stage sleep time (min), N2 (S2) stage sleep time (min) and
N3 [S3+4S4/slow wave sleep (SWS)] stage sleep time (min), REM
sleep time (min), the proportion of each sleep stage [N1 (S1),
N2 (S2), N3 (S3+S4/SWS), REM)](%), number of awakenings
(times) and arousal index (AL times/hour) (22). Most Actigraphy
devices also measure the following structural parameters of sleep:
time in bed (TIB; min), TST (min), mean activity during TIB
(AMEAN; min), sleep minutes during TIB (SMIN; min), SE,
WASO (min), latency to persistent sleep (min), SL (min), mean
sleep episode (MSEP; min), long sleep episodes (LSEPs; min),
longest sleep episode (LGSEP; min), waking minutes (min), activity
index (ACTX), number of awakenings (times), AI (times/hour)
and sleep fragmentation index (SFI) (18, 23). The main objective
measures and measurement criteria that are included in this study
are TST, which is the sum of the actual sleep time between the time
the lights are switched off and the time they are turned on, i.e.,
the sum of the time in each sleep period; SE, which is TST/TRT
x 100%; WASO, which is the sum of all waking times between the
first sleep frame and the conclusion of the recording; SL, which is
the time from the start of recording to the appearance of the first
sleep epoch; REML, which is the time from the first sleep epoch to
the first REM stage; the proportion of each sleep period (%), which
is the percentage of sleep time in each sleep stage [N1 (S1), N2
(S2), N3 (S3+S4), REM stage] of total sleep time; the number of
awakenings (times) that occur during sleep; and AI (times/hour),
which is the number of arousals that occur for each hour of sleep
(22,23).

2.4. Literature screening and data
extraction

Literature screening and data extraction were conducted
independently by two researchers. In cases of disagreement,
judgement was made by discussion or through the involvement
of a third researcher. All the literature that was retrieved was
imported into EndNote literature management software for the
removal of any duplicates. The title and abstract were read for
initial screening based on the inclusion and exclusion criteria
and the full text was then further read for re-screening purposes.
Relevant information that was extracted independently by the two
researchers was as follows: first author, year of publication, country,
sample size, participant age, gender, MCI/aMCI/naMCI diagnostic
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criteria, sleep assessment device, and model, number of recording
days, sleep scoring criteria, subjective sleep inventory used, whether
or not medication was administered and reported outcomes for
sleep macrostructural variables.

2.5. Literature quality assessment

The Newecastle-Ottawa Scale (NOS) was used for evaluating
case-control and longitudinal study quality (24, 25). The NOS scale
contains eight items in three dimensions, i.e., the selection of study
population (four items, four stars), comparability between groups
(one item, two stars), and the measurement of exposure/outcome
factors (three items, three stars, with a total of nine stars). A total
score of six stars or more was considered high quality. Literature
quality was independently evaluated by two researchers and a
third researcher participated in the judgement if any differences of
opinion occurred.

2.6. Methodology of data analysis

Meta-analysis was performed by RevMan 5.4 software and
heterogeneity between studies was determined by the x?-test. I* <
50% and P > 0.10 indicated homogeneity between studies and a
fixed-effects model was then used for analysis, while I> > 50% and
P < 0.10 indicated heterogeneity between studies, and sensitivity
analysis was then used for identifying the source of heterogeneity
to the greatest possible extent. A random-effects model was used if
heterogeneity could not be eliminated.

3. Results

3.1. Results of the literature search

The initial search yielded 5,747 articles (PubMed 1,697, Embase
1,368, Web of Science 1,792, Cochrane Library 354, CNKI 153,
SinoMed 331, Wanfang Data 30, VIP Data 22), excluding duplicates
of the remaining 3,976 articles. After the title and abstract were
read, further reading of the full text was performed and an
evaluation of literature quality, 25 titles were ultimately included
(26-50). The literature screening process can be seen in Figure 1.

3.2. Basic characteristics of the included
studies

The 25 papers that were included (26-50) covered nine
countries and were published between 2008 and 2021. Hita-Yafiez
et al. published in 2012 (31) and 2013 (32) and were in the same
study group, so the basic information of both papers was combined.
Terpening et al. (39), Brayet et al. (40), Chen (49), and Hayes et al.
(37) included study data from the MCI, aMCI, and naMCI groups
in their studies and were studied in groups as a result. Twenty-one
case-control studies (26-36, 38-45, 49, 50), three cohort studies (37,
46, 48), and one longitudinal study (47) were included. PSG was
used in 19 studies (26-28, 30-36, 38, 40-43, 47-49) and Actigraphy
was used in six (29, 37, 44-46, 50). The basic characteristics of the
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[ Identification of studies via databases and registers ]
Records identified from database
creation to April 2023 (n = 5747):
c PubMed (n = 1697)
2 EMbase (n = 1368)
3 Web of Science (n = 1792) Records removed before screening:
£ Cochrane Library (n = 354) Duplicate records removed (n=1771)
S CNKI (n = 153)
T SinoMed (n = 331)
Wanfang Data (n = 30)
VIP Data (n = 22)
4
Studies retained after removing » | Number of studies removed after
duplication (n = 3976) screening titles and abstracts (n = 3749)
Number of studies removed following
o screening full texts:
£ No healthy control group (n = 49)
= Non-case control studies, non-cohort
g studies and non-longitudinal studies (n
» : : - =91)
(Sr:tidlzezs,7r)eta|ned after screening ————»| No PSG or Actigraphy used (n = 52)
The experimental group did not
distinguish between Parkinson's and
MCI (n = 3)
Statistical results not Mean+=SD (n = 3)
Age unmatched (n= 2)
— Low quality studies (n = 2)
b T
3 Studies met inclusion criterion (n
© =25)
=
FIGURE 1
PRISMA flow chart of the study selection.

literature that was included can be seen in Table 1. One thousand
one hundred and sixty-five study subjects were included: 431 in the
MCI group, 302 in the aMCI group, 103 in the naMCI group, and
442, 353, and 220 in the respective control groups (Table 1).

3.3. Literature quality evaluation results

All articles were evaluated for quality using the NOS scale for
case-control and cohort studies and an overall score of six stars
or higher was considered high quality. For the longitudinal study
by Carnicelli et al. (47), only the baseline information from this
study was included in the systematic evaluation and, as a result, only
the baseline study portion of the study was evaluated. The overall
literature evaluation was found to be high quality. Detailed ratings
are provided in the Supplementary Table.

Frontiersin Psychiatry

3.4. Meta-analysis results

The indicators included in the MCI and aMCI groups
were TST, SE, WASO, SL, REML, REM%, N1%, N2%, N3%,
Awakenings, and AL the indicators included in the naMCI
group were TST, SE, WASO, SL, REM%, N1%, N2%, N3%,
and Awakenings.

3.4.1.TST

Twelve papers (26-28, 30, 31, 33-35, 37, 41, 45, 46) were
included in the TST analysis of the MCI group vs. the control
group and the heterogeneity test resulted in I> = 79%, p < 0.001,
which indicated that the results were heterogeneous. As different
sleep measurement methods were used in different studies and
as heterogeneity may be caused by this, the data was analyzed
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TABLE 1 Main characteristics of the included studies (n = 1,165).
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References  Year Country Case (MCI/ Control MCI Sleep Number Sleep Subjective Whether to Inclusion
aMCl/naMCl) diagnostic measurement of scoring sleep medicate or indicators
Criteria devices and recording criteria inventory not
Gender Age Gender Age models days
(M/F) (SD) (M/F) (SD)
Chen et al. 2008 China 8/11 70.00 9/11 69.00 ICD-10 PSG (Japan Two Rechtschaffen ~ All subjects gooood
(26) (6.00) (6.00) Photoelectric consecutive and Kales discontinued od
Polysomnograph nights (21) sedative-hypnotics
1,518 K) 3 weeks prior to
examination.
Yuetal. (27) 2009 China 715 75.08 9/4 76.38 Winblad et al. PSG (Canada ~ Rechtschaffen ESS None of them was gooooo
Taiwan (10.66) (8.31) (51) Sandman Elite) and Kales taking hypnotics. ooo
(21)
Tseng et al. 2010 China 5/3 76.88 6/3 76.89 Winblad et al. PSG (Canada ~ Rechtschaffen ~ ~ pooooo
(28) Taiwan (8.04) (7.510) (51) Sandman Elite) and Kales o™
(21)
Kim et al. (30) 2011 Korea 9/21 67.97 9/21 67.37 Petersen et al. PSG (Embla One night Rechtschaffen ESS;Sleep Exclusion of gooooo
(4.09) (3.75) (52) §7000; Medcare and Kales Apnea current use of O
system, NY) 21) subscale of hypnotics or
the Sleep CNS-active drugs
Disorders that affect
Questionnaire cognitive function.
Hita-Yafiez 20122013 | Spain 18/7 70.50 12/13 67.10 Petersen et al. PSG (BrainAmp ~ Rechtschaffen | ESS Exclusion of oooo
etal. (31, 32) (6.80) (5.30) (52) MR; Brain and Kales subjects using
Products; (21); ASDA drugs known to
Germany) (53) affect the
sleep-wake cycle.
Spira et al. (33) 2014 USA 4/1 75.20 3/5 69.40 Petersen (54) PSG (Embla Two ~ ESS Exclude Doo
(11.30) (5.60) N7000 amplifiers consecutive participants using
with RemLogic 1.1 nights sleep aids,
software) benzodiazepines or
anticholinergic
drugs.
Naismith et al. 2014 Australia 17/9 70.10 12/14 65.90 Petersen and PSG Two Rechtschaffen | MEQ; ESS; Patients taking ooo
(34) (9.90) (9.80) Morris (55) (Compumedics consecutive and Kales PSQI sedative hypnotics
Siesta; Melbourne; nights (21); Webb were requested to
Vic; Australia) and Dreblow abstain for 2-weeks
(56) prior to sleep
assessment.
Wilson et al. 2014 Australia 37 65.50 37 63.50 Petersen and PSG ~ Rechtschaffen PSQI Exclusion of ooog
(35) (9.00) (8.70) Morris (55) and Kales participants using
(21); Webb drugs known to
and Dreblow affect sleep and/or
(56) melatonin
production.
(Continued)
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TABLE 1 (Continued)

References Year Country Case (MCI/ Control MCI Sleep Number Sleep Subjective  Whether to Inclusion
aMCl/naMCl) diagnostic measurement of scoring sleep medicate or indicators
criteria devices and recording criteria inventory not
Gender Age Gender models days
(M/F) (SD) (M/F)
Terpening 2015 Australia 30/16 66.10 19/21 63.50 Winblad et al. PSG Two weeks Rechtschaffen | MEQ; ESS; Patients taking ooo
etal. (39) (8.40) (8.90) (51) (Compumedics and Kales PSQI sedative hypnotics
Siesta; Melbourne; (21); Webb were requested to
Vic; Australia) and Dreblow have a 2-week
(56) washout period
monitored by their
treating physician.
8/6 72.60
(8.10)
22/10 63.30
(6.90)
Brayet et al. 2016 Canada 22/10 63.96 22/10 63.70 Objective PSG (Stellate One night AASM (20) ESS All subjects were oooooo
(40) (6.79) (6.60) criteria Systems; Montreal; required to be free ooo
Quebec; Canada) from any
medication known
to influence sleep
architecture or
EEG for at least 2
weeks before their
PSG recording,
including
hypnotics,
psychostimulants,
neuroleptics, and
anticonvulsant
drugs.
18/4 63.90
(7.70)
4/6 64.10
(4.50)
Liguori et al. 2016 Ttaly 9/11 72.70 10/16 68.84 Albert et al. PSG Two nights AASM (20) PSQI Participants do not oooooo
(41) (4.81) (2.97) (57); Peterson (SOMNOscreen; take melatonin oogd
etal. (58) SOMNOmedics supplements or
GmbH; hypnotics.
Randersacker;
Germany)
(Continued)
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TABLE 1 (Continued)

e 32 buer
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References  Year Country Case (MCI/ MCI Sleep Number Sleep Subjective Whether to Inclusion
aMCl/naMClI) diagnostic measurement of scoring sleep medicate or indicators
Criteria devices and recording criteria inventory not
Gender  Age models days
(M/F) (SD)
Chen (49) 2020 China 31 69.44 19 64.60 Petersen et al. PSG (Alice 6 ~ AASM (20) ESS; PSQI Subjects are not googd
(8.70) (7.80) (52); 1A-AA LDxS) allowed to take
(59) sleeping pills for 3
days prior to sleep
monitoring.
16 69.20
(7.10)
15 69.70
(10.40)
Hayes et al. 2014 USA 2/14 85.86 3/26 87.50 Petersen Actigraph (wireless | 26-week ~ SDSQ To assess potential oo
(37) (4.71) (4.00) passive infrared period medication impact
motion sensors on patterns of
MS16A; wireless sleep, we recorded
magnetic contact the number of
sensors DS10A) stimulant and
sedative
medications taken
by each volunteer.
1/5 84.80
(6.60)
1/9 86.50
(3.40)
Wilckens et al. 2018 USA 9/4 89.69 8/20 84.74 Albert et al. Actigraph (a One week Sunseri et al. ~ Exclusion of oo
(45) (10.07) (7.39) (57) multi-sensor (60) subjects using
wearable device; drugs that affect
SenseWear neuropsychological
armband) performance (e.g.,
benzodiazepines,
narcotic analgesics
and cholinesterase
inhibitors).
(Continued)
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TABLE 1 (Continued)

Case (MCI/ MCI
aMCl/naMcCl)

Whether to
medicate or

Inclusion
indicators

Sleep Number
measurement of

References  Year Country Sleep Subjective

e 32 buer

AyeiyosAsd uisiauoi

80

B40°uISIa13UOL)

Basta et al. (46)

2019

Greece

Gender
(M/F)

36/85

Age
(SD)

76.00
(6.90)

39/61

72.90
(7.20)

diagnostic
Criteria

Winblad et al.
(51)

devices and
models

Actigraph (Actilife
v6.9.5; GT3XP
model; Pensacola;
FL; USA)

recording
days

3-day 24-h

scoring
criteria

sleep
inventory

A
standardized
questionnaire
(61)

not

ooooo

85

36

Sanchez-
Espinosa et al.
(36)

2014

Spain

15/6

69.80
(6.50)

11/10

67.00
(5.50)

Petersen et al.
(52)

PSG (BrainAmp
MR; Brain
Products;
Germany)

Rechtschaffen
and Kales
(21); ASDA
(53)

ESS

None of the
participants were
taking
cholinesterase
inhibitors and/or
medication
affecting the
sleep-wake cycle
(benzodiazepines,
tricyclic and/or
serotonin reuptake
inhibitors) at the
time of recruiting
or during the
study.

oooooo

Maestri et al.
(38)

2015

Ttaly

4/7

68.50
(7.00)

6/5

69.20
(12.60)

Petersen (54)

Home-based PSG

Webb and
Dreblow (56);
AASM (20)

Other concomitant
medical,
neurological, or
psychiatric
conditions that
could interfere
with sleep or
cognition, and
neuro-psychiatric
drugs or acetyl
cholinesterase
inhibitor intake
were considered
further exclusion
criteria.

oooooo
(&)

(Continued)
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TABLE 1 (Continued)

References

Gorgoni et al.
(42)

Year

2016

Case (MCI/
aMCl/naMCl)

Gender Age
(M/F) (SD)

Ttaly 6/9 71.10
(2.28)

Country

Control

Gender
(M/F)

10/5

Age
(SD)

70.80
(2.40)

MCI
diagnostic
criteria

Flicker et al.
(62); Zaudig
(63); Petersen
etal. (64, 65);
Portet et al.
(66)

Sleep
measurement
devices and
models

PSG (Micromed
system plus digital
polygraph)

Number
of
recording
days

A single night
of sleep

Sleep
scoring
criteria

Rechtschaffen
and Kales
(21)

Subjective
sleep
inventory

ESS; PSQI;
KSS

Whether to
medicate or
not

Common
exclusion criteria
for all participants
were presence of
neurological,
psychiatric, or
vascular disorders,
obesity, and
history of
alcoholism or drug
abuse. HC
receiving
psychoactive drugs

were also excluded.

Inclusion
indicators

oooooo
oo

Reda et al. (43)

2017

Ttaly 8/12 72.20
(1.79)

12/8

70.35
(1.40)

Flicker et al.
(62); Zaudig
(63); Petersen
etal. (64);
Portet et al.
(66)

PSG (Micromed
system plus digital
polygraph)

Rechtschaffen
and Kales
(21)

ESS; PSQI;
KSS

Common
exclusion criteria
for all participants
were: the presence
of neurological,
psychiatric or
vascular disorders,
obesity, history of
alcoholism, or
drug abuse.

oooooo
O

Carnicelli et al.
(47)

2018

Ttaly 10/9 69.80
(15.50)

6/5

69.20
(12.60)

Petersen (54)

Home-based PSG

Webb and
Dreblow (56);
AASM (20)

Concomitant
medical,
neurological or
psychiatric
conditions that
could interfere
with sleep or
cognition and
neuro-psychiatric
drugs or acetyl-
cholinesterase
inhibitors intake
were considered
further exclusion
criteria.

oooooo
oo

Liu et al. (48)

2020

China 23/22 71.28
(4.78)

8/14

70.64
(5.97)

Petersen (54)

PSG (Nicolet EEG;
Nicolet GmbH;
America)

Two
consecutive
nights

AASM (20)

~

goooooo
oo
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TABLE 1 (Continued)

References

Year

Country

Case (MCI/
aMCl/naMCl)

Gender
(M/F)

Age
(SD)

Control

Gender
(M/F)

MCI
diagnostic
Criteria

Sleep

measurement

devices and
models

Number
of
recording
EVS

NEE )
scoring
criteria

Subjective
sleep
inventory

Whether to
medicate or
not

Inclusion
indicators

Westerberg 2010 USA 2/8 71.10 3/7 72.50 Petersen (54) Actigraph (a 14 nights and ~ ESS; PSQI; Exclusion of gooo
etal. (29) wrist-worn activity 15 days KSD participants with
sensor) long-term use of
psychoactive or
hypnotic drugs.
Wams et al. 2017 UK 4/4 77.10 716 73.80 Petersen et al. Actigraph Three weeks ~ PSQL JSQ Differences ooog
(44) (4.00) (4.60) (52) (Actiwatch 7, between groups
CamNTech Ltd) with respect to age,
gender, and
diurnal preference
were not
significant.
Buratti et al. 2021 Ttaly 5/5 70.70 5/5 70.60 Albert et al. Actigraph (Philips Seven ~ PSQI Patients and oooo
(50) (3.47) (3.65) (57); Respironics consecutive controls were
NINCDS- Actiwatch days asked to
ADRDA Spectrum or discontinue them
(67) Philips Respironics for at least 10 days
Actiwatch-2; set to before inclusion in
the same the study.
parameters

*0 TST, O SE, 0 WASO, O SL, 0 REML, O REM%, 0 N1%, 0 N2%, [ N3%, [J Awakenings, @ AL
MEQ, Horne- Ostberg Morningness Eveningness Questionnaire; ESS, Epworth Sleepiness Scale; PSQI, Pittsburgh Sleep Quality Index; SDSQ, Sleep Disturbance Symptom Questionnaire; KSS, Karolinska Sleepiness Scale; KSD, Karolinska Sleep Diary; JSQ, Jupiter

Medical Center-Sleep Questionnaire.
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in subgroups, with 9 studies (26-28, 30, 31, 33-35, 41) using
PSG and 3 (37, 45, 46) using Actigraphy. In the PSG subgroup,
TST was reduced in the MCI group compared to the controls. A
significant difference in TST was observed between the MCI and
control groups [SD = —26.81, 95% CI (—42.40, —11.23), P <
0.001], I = 39%]. No statistically significant difference in TST was
found in the Actigraphy subgroup between the MCI and control
groups [SD = —10.54, 95%CI (—37.52, 16.44), = 0.44], I = 81%
(Figure 2).

Eleven papers (29, 36-38, 42-44, 46-48, 50) were included
in the aMCI group vs. control group TST analysis and the
heterogeneity test resulted in I> = 93%, p < 0.001, which indicated
heterogeneity of results. Data was analyzed by subgroup according
to different measurements, with six studies (36, 38, 42, 43, 47, 48)
using PSG and 5 (29, 37, 44, 46, 50) using Actigraphy. TST was
reduced in the aMCI group compared to the control group in
the PSG subgroup. A significant difference in TST was found
between the aMCI and control groups [SD = —35.25, 95% CI
(—41.73,—28.78), P < 0.001], I* = 0%. In the Actigraphy subgroup,
TST increased in the aMCI group, between-study heterogeneity:
12 =20%, P =0.29, using a fixed effects model (Figure 3).

Two papers (37, 46) were included in the TST analysis of the
naMCI group vs. the control group. The difference in TST between
the naMCI and control groups was not found to be statistically
significant [SD = —3.38, 95% CI (—30.94, 24.19), P = 0.81],
I? = 0%. A study by Hayes et al. (37) showed an increase in TST in
the naMCI group in comparison to the control group. In contrast, a
study by Basta et al. (46) only found the possibility of reduced TST
in the naMCI group.

3.4.2.SE

Nine papers (26-28, 30, 35, 39-41, 46) were included in the
SE analysis of the MCI vs. the control group, with reduced SE in
the MCI group in comparison to the control group. A significant
difference in SE was observed between the MCI and control groups
[SD = —6.15, 95% CI (—9.28, —3.01), P < 0.001], between-study
heterogeneity: I> = 66%, P = 0.003, using a random effects model
(Figure 4).

Nine papers (29, 36, 39, 40, 42, 44, 46, 48, 50) were included
in the SE analysis of the aMCI group vs. the control group, with
reduced SE found in the aMCI group in comparison to the control
group. A significant difference in SE was noted between the aMCI
and control groups [SD = —3.32, 95% CI (—4.95, —1.68), P <
0.001], with between-study heterogeneity: I = 54%, P = 0.03, using
a random effects model (Figure 5).

Three papers (39, 40, 46) were included in the SE analysis of
the naMCI group vs. the control group. No statistically significant
difference in SE between the naMCI and control groups was
observed [SD = —1.68, 95% CI (—4.33, 0.98), P = 0.22], I> = 0%
and only the possibility of reduced SE in the naMCI group
was demonstrated.

3.4.3. WASO

The WASO results of the 11 papers that were included in the
MCI group (26, 30, 33-35, 37, 39-41, 45, 46) showed a test of
heterogeneity I* = 87%, p < 0.001, which indicated heterogeneity
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of results. The data was analyzed by subgroup according to different
measurements, with 8 studies (26, 30, 33-35, 39-41) using PSG
and 3 (37, 45, 46) using Actigraphy. Of the PSG subgroups, the
MCI group had more WASO, with a significant difference in
WASO between both groups [SD = 19.81, 95% CI (13.22, 26.40),
P < 0.001]. Inter-study heterogeneity: I*> = 16%, P = 0.31. In
the Actigraphy subgroup, inter-study heterogeneity: I* = 46%,
P =0.16, using a fixed effects model. Only the Hayes et al. (37) study
difference was found to be statistically significant in the Actigraphy
subgroup, with less WASO in the MCI group in comparison to the
control group. Conversely, the other two studies (45, 46) exhibited
no statistically significant differences between the MCI group and
control group, showing only the possibility of more WASO in the
MCI group (Figure 6).

The WASO results of the 11 papers that were included in
the aMCI group (29, 37-40, 42, 43, 46-48, 50) showed a test of
heterogeneity I = 94%, p < 0.001, which indicated heterogeneity
of results. Subgroup analysis of the data was performed according
to the different measurements, with seven studies (38-40, 42, 43,
47, 48) using PSG and 4 (29, 37, 46, 50) using Actigraphy. Of
the PSG subgroups, the aMCI group had more WASO, with a
significant difference in WASO between both groups [SD = 13.33,
95% CI (4.40, 22.25), P = 0.003]. Between-study heterogeneity:
I? = 54%, p = 0.04, using a random effects model. In the Actigraphy
subgroup, no statistically significant difference in WASO was found
between the two groups [SD = —0.87, 95% CI (—13.06, 11.31),
P = 0.89], I> = 91% (Figure 7).

WASO results from the papers that were included in the
naMCI group (37, 39, 40, 46) showed less WASO in the naMCI
group, with a significant difference in WASO between both groups
[SD = —6.52, 95% CI (—7.84, —5.21), P < 0.001]. Between-study
heterogeneity: I> = 0%, P = 0.81, using a fixed effects model.

3.4.4.SL

Seven publications (26, 28, 30, 32, 40, 41, 46) were included
in the SL group analysis, with longer SL in the MCI group in
comparison to the controls. A significant difference in SL was
observed between the MCI and control groups [SD = 4.66, 95%
CI (2.33,6.99), P < 0.001], I? = 4% (Figure 8).

Five publications (29, 36, 40, 46, 48) were included in the SL
group analysis, with longer SL in the aMCI group in comparison
to the control group. A significant difference in SL was observed
between the aMCI and control groups [SD = 4.58, 95% CI (2.63,
6.52), P < 0.001], I* = 0% (Figure 9).

Two papers (40, 46) were included in the SL group analysis
and no statistically significant difference in SL was noted between
the naMCI and control groups [SD = 5.01, 95% CI (0.20, 9.81),
P = 0.04], I* = 0%, showing only the possibility of longer SL in the
naMCI group.

3.4.5. REML

The five included papers (26-28, 34, 41) showed longer
REML in the MCI group in comparison to the control group.
A significant difference in REML was observed between the two
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MCI Control Mean Difference Mean Difference

_Study or Subgroup _ Mean _ SD Total Mean SD Total Weight V. Random, 95% CI 1V, Random, 95% CI
1.1.1 PSG

Chen ZM 2008 313 67 19 381 37 20 85% -68.00[-102.21,-33.79]

Hita-Yafiez 2012 369.8 538 25 3979 301 25 10.3%  -28.10[-52.27, -3.93] ——

Kim 2011 358.15 61.65 30 3665 38.68 30 10.0%  -8.35[-34.39, 17.69]

Liguori 2016 3494 6395 20 367.48 6366 26 8.0% -18.08 [-55.29, 19.13] —
Naismith 2014 3815 821 26 3985 511 26 80% -17.00 [-54.17, 20.17] —_— T
Spira 2014 3744 327 5 3985 348 8 80% -24.10[-61.56, 13.36] ——
Tseng 2010 283.86 7417 8 34856 5555 9  4.6% -64.70 [-127.62, -1.78]

Wilson 2014 385 100 37 377 73 37 75%  8.00[-31.89, 47.89] —
Yu 2009 27967 7924 12 33354 614 13 53% -5387[109.76,2.02] <~ 1
Subtotal (95% Cl) 182 194  70.3% -26.81 [-42.40, -11.23] o

Heterogeneity: Tau? = 213.39; Chi? = 13.19, df = 8 (P = 0.11); I = 39%
Test for overall effect: Z = 3.37 (P = 0.0007)

1.1.2 Actigraphy

Basta 2019 3986 766 121 4197 763 100 11.1%  -21.10[-41.35,-0.85] = |
Hayes 2014 508.13 4.75 16 5004 24 29 13.1% 7.73[5.24, 10.22] =
Wilckens 2018 344.41 86.93 13 383.75 73.77 28 55% -39.34 [-93.93, 15.25] = wma___ |
Subtotal (95% CI) 150 157  29.7% -10.54 [-37.52, 16.44]

Heterogeneity: Tau? = 403.45; Chi? = 10.47, df = 2 (P = 0.005); I = 81%
Test for overall effect: Z = 0.77 (P = 0.44)

Total (95% Cl) 332 351 100.0%  -22.99 [-39.76, -6.22] -
Heterogeneity: Tau? = 555.61; Chi? = 52.98, df = 11 (P < 0.00001); I? = 79%
Test for overall effect: Z = 2.69 (P = 0.007)

Test for subaroup differences: Chi? = 1.05. df = 1 (P = 0.31). I’ = 4.5%

100 -50 50 100
Favours [MCI] Favours [Control]

o

FIGURE 2
Results of TST subgroup analysis in the MCl and control groups.

aMcCl Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% Cl 1V, Fixed, 95% Cl
12.1.1 PSG
Carnicelli 2018 3619 707 19 4145 648 " 0.5% -52.60 [-102.37, -2.83]
Gorgoni 2016 274.31 16.02 15 303.36 17.22 15  8.8% -29.05[-40.95, -17.15)
Liu 2020 333.89 37.77 45 372.18 37.84 22 3.4% -38.29 [-57.57, -19.01]
Maestri 2015 353 86.7 11 4145 64.8 11 0.3% -61.50[-125.46, 2.46]
Reda 2017 261.67 14.45 20 300.12 14.88 20 15.1% -38.45 [-47.54, -29.36] T
Sanchez-Espinosa 2014 3726 555 21 395.7 307 21 1.7%  -23.10[-50.23, 4.03) E_ N
Subtotal (95% CI) 131 100 29.8% -35.25[-41.73, -28.78] *

Heterogeneity: Chi? = 3.50, df = 5 (P = 0.62); I’ = 0%
Test for overall effect: Z = 10.67 (P < 0.00001)

12.1.2 Actigraphy

Basta 2019 40742 686 85 4188 753 100 29% -11.38[-32.13,9.37] =
Buratti 2021 469.4 99.8 10 42629 694 10 02% 43.11[-32.23, 118.45]

Hayes 2014 510 54 6 5004 24 29 64.3% 9.60 [5.19, 14.01] |
Wams 2017 4209 228 8 4038 348 13 21%  17.10[-7.55, 41.75] T
Westerberg 2010 384 564 10 375 427 10 07%  9.00 [-34.84, 52.84] =]
Subtotal (95% CI) 119 162 70.2% 9.05 [4.83, 13.27] ¢

Heterogeneity: Chi? = 4.98, df =4 (P = 0.29); I = 20%
Test for overall effect: Z = 4.20 (P < 0.0001)

Total (95% CI) 250 262 100.0% -4.16 [-7.70, -0.63] U
Heterogeneity: Chi? = 134.70, df = 10 (P < 0.00001); I = 93%

Test for overall effect: Z = 2.31 (P = 0.02)

Test for subaroup differences: Chi* = 126.23. df = 1 (P < 0.00001). I* = 99.2%

100 -50 0 50 100
Favours [aMCI] Favours [Control]

FIGURE 3
Results of TST subgroup analysis in the aMCl and control groups.

groups [SD = 16.28, 95% CI (3.69, 28.88), P = 0.01], I> = 2%  3.4.6. REM%

(Figure 10). The eight included papers (26-28, 30, 31, 40, 41, 49) showed a
The three included papers (38, 47, 48) demonstrated no  heterogeneity test I = 68%, P = 0.003, and a random effects model

statistically significant difference in REML between the aMCI group ~ was used. The difference in REM% between both groups was not

and the control group [SD = 5.73,95% CI (—4.65,16.12), P=10.28],  found to be statistically significant [SD = —2.24, 95% CI (—4.49,

with I? = 0%, which only shows the possibility of longer REML in  0.01), P = 0.05] and only demonstrated the possibility of lower

the aMCI group. REM% in the MCI group.
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Heterogeneity: Tau? = 13.31; Chi? = 23.41, df = 8 (P = 0.003); I> = 66%
Test for overall effect: Z = 3.84 (P = 0.0001)

FIGURE 4
Meta-analysis of SE in the MCI and control groups.

MCI Control Mean Difference Mean Difference

_Study or Subgroup _Mean _ SD Total Mean _SD Total Weight IV. Random, 95% ClI IV, Random, 95% CI

Basta 2019 79.8 91 121 815 8 100 17.5% -1.70 [-3.96, 0.56] iy

Brayet 2016 7424 9.26 32 784 117 32 126% -4.16 [-9.33, 1.01] T

Chen ZM 2008 79 13 19 90 8 20 10.1% -11.00[-17.82, -4.18] -

Kim 2011 79.75 11.44 30 8393 8.55 30 12.7% -4.18 [-9.29, 0.93] x|

Liguori 2016 77.59 1259 20 8943 243 26 11.9% -11.84[-17.44, -6.24) =

Terpening 2015 745 133 46 78 104 40 12.9% -3.50 [-8.52, 1.52] T

Tseng 2010 66.04 13.58 8 83.28 10.76 9 52% -17.24[-28.99,-5.49] — -

Wilson 2014 75.6 14 37 776 10 37 12.0% -2.00 [-7.54, 3.54] i

Yu 2009 65.7 18.16 12 79.14 11.06 13 51% -13.44 [-25.34, -1.54] g~

Total (95% Cl) 325 307 100.0%  -6.15[-9.28, -3.01] >

40 0 10 20
Favours [MCI] Favours [Control]

-20

MCI

Control

Mean Difference

_Study or Subgroup ~~ Mean SD Total Mean SD Total Weight IV. Random, 95% Cl

Mean Difference

IV, Random, 95% CI

Heterogeneity: Tau? = 2.81; Chi? = 17.45, df = 8 (P = 0.03); I? = 54%
Test for overall effect: Z = 3.97 (P < 0.0001)

FIGURE 5
Meta-analysis of SE in the aMCl and control groups.

Basta 2019 80.04 85 85 82 76 100 16.4%
Brayet 2016 734 99 22 784 117 32 6.0%
Buratti 2021 88.58 1.54 10 91.02 15 10 21.3%
Gorgoni 2016 68.31 3.61 15 74.13 2.98 15 16.3%
Liu 2020 76.09 7.52 45 82.53 6.93 22 1.1%
Sanchez-Espinosa 2014 786 11.5 21 838 6.1 21 6.4%
Terpening 2015 70.7 17.8 14 78 104 40 25%
Wams 2017 909 35 8 904 38 13 12.8%
Westerberg 2010 798 6.7 10 806 4.9 10 72%
Total (95% CI) 230 263 100.0%

-1.96 [-4.30, 0.38] —
-5.00 [-10.79, 0.79] i
2,44 [3.77, -1.11] -
-5.82[-8.19, -3.45] —
-6.44 [-10.07, -2.81] ——
-5.20 [-10.77, 0.37] —_—
-7.30 [-17.17, 2.57]
0.50 [-2.69, 3.69] —
-0.80 [-5.94, 4.34] —
-3.32 [-4.95, -1.68] <>

0 5 0 5 10
Favours [MCI] Favours [Control]

Eight papers (36, 38, 40, 42, 43, 47-49) were included in the
REM% group analysis and the REM% was lower in the aMCI group
than the control group. A significant difference in REM% was noted
between the two groups [SD = —3.67, 95% CI (—6.20, —1.14),
P = 0.004]. Heterogeneity was tested I* = 91%, P < 0.001 using
arandom effects model (Figure 11).

Two papers (40, 49) were included in the REM% group analysis,
and the REM% difference between the naMCI and control groups
was not found to be statistically significant [SD = —2.43, 95% CI
(—7.64,2.78), P = 0.04], which only showed the possibility of lower
REM% in the naMCI group. Heterogeneity test I* = 69%, P = 0.07
using a random effects model.

3.4.7.N1%

The four included papers (27, 30, 40, 41) demonstrated a higher
percentage of N1 stage in the MCI group in comparison to the
control group. A significant difference in N1% was noted between
the two groups [SD = 2.81, 95% CI (0.58, 5.04), P = 0.01], 2 = 0%.

The six included papers (38, 40, 42, 43, 47, 48) showed there
to be a higher percentage of N1 stage in the aMCI group than
the control group. A significant N1% difference between the two

Frontiers in Psychiatry 13

groups was observed [SD = 2.00, 95% CI (1.50, 2.49), P < 0.001],
I? =31%.

3.4.8.N2%

Six papers (26, 27, 30, 40, 41, 49) were included in the N2%
group analysis, with a heterogeneity test I = 49%, P = 0.08,
using a random effects model. N2% was found to be lower in
the MCI group than the control group. A significant difference in
N2% was observed between the MCI group and the control group
[SD = —4.20, 95% CI (—7.48, —0.92), P = 0.01] (Figure 12).

Six papers (36, 40, 42, 43, 47, 49) were used for analyzing the
N2% group, with a lower percentage of N2 stage observed in the
aMCI group than the control group. A significant difference in N2%
was found between the aMCI and control groups [SD = —2.11,
95% CI (—2.99, —1.23), P < 0.001]. Between-study heterogeneity:
12 =28%, P=0.22, using a fixed-effects model (Figure 13).

Two papers (40, 49) were included in the N2% group analysis,
the N2% difference between the naMCI and control groups being
found to not be statistically significant [SD = 6.34, 95% CI (—16.09,
28.77), P = 0.58]. Between-study heterogeneity: I> = 94%, P <
0.001, using a random effects model.

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1212514
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Liang et al. 10.3389/fpsyt.2023.1212514

McCl Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl 1V, Fixed, 95% CI
3.1.1 PSG
Brayet 2016 120.52 46.21 32 1048 61.2 32 05% 15.72[-10.85, 42.29] =
Chen ZM 2008 83 L 7 4 19 30 10 20 5.0% 23.00[14.19, 31.81] i
Kim 2011 73.57 43.39 30 62.03 33.86 30 1.0% 11.54[-8.15, 31.23] il 2
Liguori 2016 103.09 53.45 20 95.35 70.32 26 0.3% 7.74[-28.03,43.51] ——— | Sele———
Naismith 2014 1246 623 26 751 446 26  0.4% 49.50[20.05, 78.95] -
Spira 2014 994 3238 5 734 301 8 03% 26.00[-9.52,61.52] ]
Terpening 2015 106.2 57.8 46 937 53.2 40 0.7% 12.50[-10.97, 35.97] ]
Wilson 2014 97.9 56 37 96.9 53 37 0.6% 1.00[-23.84, 25.84] I
Subtotal (95% CI) 215 219 8.9% 19.81[13.22, 26.40] <>

Heterogeneity: Chi? = 8.30, df = 7 (P = 0.31); I? = 16%
Test for overall effect: Z = 5.89 (P < 0.00001)

3.1.2 Actigraphy

Basta 2019 854 456 121 837 461 100 26% 1.70[-10.45, 13.85] ]
Hayes 2014 17.97 418 16 2722 1.19 29 88.1% -9.25[-11.34,-7.16] .

Wilckens 2018 67.36 50.49 13 63.53 32.61 28 04% 3.83[-26.16, 33.82] T
Subtotal (95% CI) 150 157 91.1% -8.87[-10.93, -6.82] ¢

Heterogeneity: Chi? = 3.72, df = 2 (P = 0.16); I* = 46%
Test for overall effect: Z = 8.45 (P < 0.00001)

Total (95% Cl) 365 376 100.0%  -6.32 [-8.29, -4.36] ¢
n — . S : :

s 13 O -7 s

:Z=6. ' F MCI] F trol

Test for subaroun differences: Chi® = 66.33. df = 1 (P < 0.00001). I? = 98.5% Bvoues 1MCH) <Fevouts [Conrol

FIGURE 6
Results of WASO subgroup analysis in the MCI and control groups.
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FIGURE 7
Results of WASO subgroup analysis in the aMCl and control groups.

3.4.9.N3% P = 0.90]. Between-study heterogeneity: I* = 53%, P = 0.05, using
The seven included papers (27, 28, 30, 31, 40, 41, 49)  arandom effects model.
demonstrated no statistically significant N3% difference between The eight included papers (36, 38, 40, 42, 43, 47-49) showed

the MCI and control groups [SD = 0.17, 95% CI (—2.57, —2.91),  there to be a lower percentage of N3 stage in the aMCI group than
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Test for overall effect: Z = 3.92 (P < 0.0001)

FIGURE 8
Meta-analysis of SL in the MCl and control groups.
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FIGURE 9
Meta-analysis of SL in the aMCl and control groups.

aMClI Control Mean Difference Mean Difference
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FIGURE 10
Meta-analysis of REML in the MCl and control groups.
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Naismith 2014 1214  89.9 26 694 387 26 11.2%
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the controls. A significant difference in N3% was found between the
aMCI and control groups [SD = —0.76, 95% CI (—1.07, —0.46), P
< 0.001]. Between-study heterogeneity: I> = 46%, P = 0.08, using
a random-effects model (Figure 14).

Two papers (40, 49) were included in the N3% group
analysis, and the N3% difference between the naMCI and
control groups was not found to be statistically significant
[SD = —7.70, 95% CI (—27.10, 11.69), P = 0.44]. Between-
study heterogeneity: I> = 93%, P < 0.001, using a random
effects model.
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3.4.10. Awakenings

Three studies (26, 40, 46) were included in the MCI group and
no statistically significant difference was noted between the two
groups [SD = 1.12,95% CI (—0.92, 3.16), P = 0.28]. Between-study
heterogeneity: I> = 56%, P = 0.10, using a random effects model.

Six studies (40, 42-44, 46, 50) were included in the aMCI
group and the difference between both groups was not found to
be statistically significant [SD = —0.18, 95% CI (—0.99, 0.62),
P = 0.66]. Between-study heterogeneity: I* = 40%, P = 0.14, using
a fixed-effects model.
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FIGURE 11
Meta-analysis of REM% in the aMCl and control groups.
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FIGURE 12
Meta-analysis of N2% in the MCl and control groups.
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FIGURE 13
Meta-analysis of N2% in the aMCl and control groups.

Favours [aMCI] Favours [Control]

Two studies (40, 46) were included in the naMCI group. The
difference between the two groups was not statistically significant
[SD = —0.70, 95% CI (—2.98, 1.59), P = 0.55]. Between-study
heterogeneity: I> = 0%, P = 0.72, using a fixed-effects model.

3.4.11. Al

Four studies (27, 28, 33, 39) were included in the MCI group
and no statistically significant difference between both groups was
noted [SD = 0.45, 95% CI (—2.47, 3.38), P = 0.76]. Between-
study heterogeneity: I> = 0%, P = 0.46, using a fixed-effects
model.
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Three studies (38, 39, 47) were included in the aMCI group and
the difference that was observed between the two groups was not
found to be of statistical significance [SD = —0.41, 95% CI (—1.85,
1.03), P = 0.58]. Between-study heterogeneity: I> = 0%, P = 0.37,
fixed effects model.

3.5. Literature publication bias and
sensitivity analysis

Funnel plots were produced using RevMan 5.4. The results
showed that the distribution of the studies was largely symmetrical,
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FIGURE 14
Meta-analysis of N3% in the aMCl and control groups.
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so the likelihood of publication bias in the included studies
was low. Sensitivity analysis using a study-by-study exclusion
method showed that the directionality of the combined effect sizes
did not change, indicating that the Meta-analysis results were
relatively stable.

4. Discussion

This study found differences between the objective assessment
of macroscopic sleep structure in MCI, aMCI, and naMCI
patients and cognitively normal older adults through systematic
evaluation. When compared to normal older adults, MCI patients
exhibited altered TST, lower SE, more WASO, and longer SL.
Considering sleep stages, REM appeared longer in MCI patients.
N2, which represented the light sleep phase, was lower in
percentage while N1, which represented the sleep-in phase, was
higher. Moreover, in terms of REM% and N3%, there was
no significant difference between the two groups. Results for
the aMCI group were approximately the same as the MCI
group, however throughout the sleep stages, REML didn’t differ
significantly between the aMCI group and the normal elderly
group, and the percentage of REM was lower. Both awakenings
and AI did not differ substantially between MCI and aMCI
groups. The lower AT levels in aMCI patients in previous studies
(12) are not consistent with the findings of this study. MCI
group results were in line with the systematic evaluation by Hu
et al. (12) and D’ Rozario et al. (13); SE, N1%, and N2% in
the aMCI group were consistent with the systematic evaluation
of Cai et al. (14). Only statistically significant variations in
WASO were seen in the naMCI group, although they also
demonstrated a trend of lower SE, prolonged SL, and lower
REM%. MCI and aMCI patients had altered macroscopic sleep
architecture, which in turn leads to changes in cognition and
memory in patients, which is consistent with previous studies
on AD Meta-analysis of patients with PSG-measured sleep
structure vs. normal older adults (68). This suggests that sleep
disturbances are present during MCI and continue to have an
impact on it.
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4.1. Altered sleep and waking time in MCl
patients

Past studies have revealed that reduced TST, decreased SE,
and increased WASO are greatly associated with cognitive decline
(69). In MCI patients, inadequate sleep duration is linked to poor
attention and memory, and slower responsiveness (70). In this
study, TST was reduced in MCI and aMCI patients in the PSG
group compared to cognitively normal older adults, whereas in
the Actigraphy group, TST was both raised and reduced in MCI,
aMCI, and naMCI patients. A longitudinal study (71) showed a U-
shaped relationship between TST changes and MCI risk in older
adults, with a greater risk of elevated MCI with an increase or
decrease in TST of over 2h during normal sleep. This complies
with the TST changes in the Actigraphy group in this study: the
fact that the studies were performed in patients homes and had
less influence on their regular sleep patterns, and the measurements
were more realistic, may have contributed to both an increase and
a drop in TST in the Actigraphy group of studies. In contrast, the
PSG group indicated a decrease in TST, which may be related to
the fact that the majority of the studies were conducted in the
laboratory rather than in the familiar environment of the patients,
which may have had an impact on the patient’s sleep. This results in
a decrease rather than an increase in TST. According to one study
(72), short periods of sleep were associated with elevated levels of
the biomarker amyloid-p (AB), however, there was no difference in
AR levels between prolonged sleep and normal sleep duration in
comparison to normal sleep. Thus, in this study, the accumulation
of AB may be linked to a decrease in TST in MCI patients. A large
amount of AP has begun to accumulate before an individual is
diagnosed with MCI (73). Moreover, these pathological protein-
induced inflammatory cytokines such as c-reactive protein and
interleukin-6 are associated with increased sleep duration (74),
which may be related to the increased TST in the present study.
The National Sleep Foundation advises older persons to get seven
to 8 h of sleep every day for optimal sleep duration in MCI patients.
Individuals who maintain a normal sleep schedule have better
cognitive performance, a lower incidence of disease, as well as a
higher quality of life (75). Therefore, maintaining a normal sleep
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pattern can help to lower the progression of cognitive impairment.
Additionally, effective sleep duration interventions during the MCI
stage may help to slow the transition from MCI to AD, although
further experimental evidence is needed to confirm this.

After the age of 60, SE starts to decline (76). The SE of normal
adults ought to be higher than 85% (77). The mean sleep efficiency
of patients in this study was 76.98% in the MCI group, 77.91% in
the aMCI group, and 78.22% in the naMCI group, all at decreasing
levels. The reasons for the decrease in SE in MCI patients might
be due to frequent light sleep stages at night, fragmented sleep,
and easy awakening. Not only does the quality of sleep suffer when
sleep efficiency decreases, but so does cognitive function. A study
in the USA found that lower objective sleep efficiency as assessed
by Actigraphy was linked to subsequent cognitive decline (78). A
cohort study in China pointed out that lower sleep efficiency was
associated with a higher risk of memory impairment and poorer
cognitive function (79).

As claimed by studies (80), it is common for healthy older
adults to exhibit transient early awakenings. The increased WASO
may be the result of progressive neuropathological changes in
the supraoptic nucleus, a brain region that plays a crucial role
in the regulation of circadian rhythms (68). The majority of the
differences in WASO in the studies included in the Actigraphy
group were not statistically significant. This may since that fewer
studies using actigraph to record sleep status were included in this
study, and more pertinent studies could be taken into consideration
for inclusion in future studies. Furthermore, it may be related to
different results because of the various objective sleep measurement
instruments used, with PSG being the “gold standard” (16), which
provides more precise measurements. On the other hand, the
actigraph recorder assesses sleep based on the wearer’s body
movement frequency, so when the wearer is slightly active, it can
easily be incorrectly assessed as a waking state (81), resulting in no
difference between the results of the WASO group and the control
group. In contrast, the study by Hayes et al. (37) in the Actigraphy
group presented different findings, with reduced WASO in MCI,
aMCI, and naMCI patients. This difference in results may be
attributed to the different Actigraphy devices employed by Hayes
et al. (37) in their study. A wrist-worn actigraph was used by most
of the studies, but Hayes et al. (37) used a home activity sensor,
placed in a fixed location in the patient’s home to measure changes
in sleep through the timing and location of wireless infrared motion
sensors and wireless magnetic contact sensing sensor triggers.
This minimizes the effect of somatic micromotion on the results.
Previous studies (82) have also suggested that Actigraphy is more
suitable for sleep assessment in healthy subjects and that the
accuracy of its algorithm begins to diminish as the degree of
sleep disturbance increases, eventually affecting the results of the
test. It has also been suggested that Actigraphy has a tendency to
under-assess WASO and that applying physical activity recorders
in conjunction with sleep diaries and adapting to a sleep-wearing
pattern for 1-2 weeks before undergoing the test can help to
improve its accuracy (83).

In line with prior investigations (12, 14), both awakenings
and Al in this study did not differ statistically significantly across
groups, nonetheless, Hu et al. found higher AI expression in naMCI
patients in comparison to aMC patients (12). The thalamus is a key

Frontiersin Psychiatry

10.3389/fpsyt.2023.1212514

controller of arousal states, although it is unclear whether or not
it’s different nuclei show coordinated or differential activity in the
transition to behavioral arousal states. A stereotypical sequence of
activity across the thalamic nuclei and cingulate cortex is preceded
by a period of inactivity after behavioral arousal which is followed
by extensive inactivation (84). This could be a future target for MCI
patients’ arousal state alteration exploration.

4.2. Change in sleep stages in MCl patients

Sleep stages are currently categorized into four phases: N1, N2,
N3, and REM sleep. N1 (sleep onset) sleep is the lightest stage, and
N2 (light sleep) sleep stage is characterized by spindle waves and K-
complexes, with sleep further deepening in N3 (deep sleep). REM
sleep is referred to as *paradoxical sleep’ since it is characterized by
elevated blood pressure and heart rate, but muscle relaxation and
dreaming also occur during this stage of sleep (12, 49, 71).

From midlife onwards, REM sleep time begins to decrease, and
in this study, MCI patients reported lower REM% and increased
REM latency. The REM% results for the MCI group differed from
the study conducted by Cai et al. (14). Altered REM sleep impairs
the consolidation of non-declarative (emotional and procedural)
memories (85). Another study has indicated that reduced REM
sleep is also a useful indicator of the degree or progression of
cognitive decline (71). One study showed significantly reduced
perfusion of the anterior cingulate cortex in REM cases compared
to controls, with altered REM sleep EEG, a critical tool for
identifying people with aMCI (86). More evidence on REM
sleep alterations is required in the future to distinguish MCI
from naMCI.

SL stands for the time between the beginning of the recording
and the first epoch of sleep (49). According to our findings, aMCI
patients have a higher percentage of N1 stages and longer SL
periods, which may contribute to their trouble falling asleep. A
shorter SL and reduced proportion of N1 stage sleep may be
advantageous for AD patients, and as a result, improved sleep
architecture may be beneficial for those at risk or in the early
stages of AD (70). Spindle waves, which are produced by complex
interactions between the thalamus and the cortex, are a significant
EEG characteristic of the N2 stage of sleep. Evidence suggests that
people with aMCI and AD have lower spindle density than healthy
individuals (42, 87), which may be related to the lower proportion
of N2 stage sleep in the aMCI group in our findings, further studies
are required to establish if spindle waves may be considered as
a potential marker for MCI and naMCI. The specific function of
the K-complex, another important EEG feature in the N2 stage,
is unknown, but one study (43) highlighted a protective role for
the K-complex in NREM sleep. K-complex density, as shown by
another study (87) was reduced in AD patients but not in MCI
patients. Future studies could delve deeper into the impacts of
the K-complex on N2 stage sleep in MCI patients. Sleep patterns
are characterized by an increase in light sleep and a substantial
decrease in deep sleep as they become older (88). N3, also known
as SWS, is the deep sleep stage of NREM sleep. In this study, the
proportion of N3 (deep sleep) decreases, and body organ functions,
as well as energy, are repaired during N3 sleep, while impaired
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sleep in N3 can cause daytime sleepiness along with a lack of
energy and decreased immune function (49). According to recent
investigations, slow-wave oscillations (SO) during SWS help to
consolidate declarative memory and enhance executive function
(EF) (89). Another study revealed a strong correlation between
changes in SWS and cognitive improvement after the nocturnal use
of acoustic or transcranial stimulation in MCI patients (90). More
experiments are needed in the future to study the effects of N3 sleep
on cognition and memory in MCI patients.

5. Strengths and limitations

This study has two main strengths: firstly, it incorporated
longitudinal and cohort studies in addition to case-control studies
unlike previous studies, and the study sample size was also larger
than before; secondly, this study considered the altered sleep
structure of naMCI and systematically evaluated its macroscopic
sleep structure. Actigraphy, as another important method of sleep
monitoring, should be included in more studies of actigraph
monitoring of sleep in the future. Moreover, actigraph monitoring
of sleep structure in MCI patients could be examined separately. In
addition, this study included few articles on the structure of sleep in
naMCI patients and the sleep parameters were incomplete, hence,
more articles must be added in the future for a more in-depth
analysis. This study only evaluated differences in sleep between
MCI, aMCI, and naMCI patients and healthy controls; patients
with MCI, aMCI, or naMCI were not assessed and did not examine
differences in sleep between different patients with MCI, aMCI, and
naMCI, and such studies should be available. The change in sleep
characteristics in MCI patients is also significantly influenced by
microscopic sleep characteristics, but they were not addressed in
this study. The effect of altered microscopic sleep structure on the
sleep of MCI patients has been summarized in previous studies,
but no systematic evaluation has been conducted, and more studies
incorporating microscopic sleep characteristics studies are expected
to form a more rigorous evaluation.

6. Conclusion

The findings of this study provide evidence for abnormal
macroscopic sleep architecture in patients with MCI along with its
subtypes with sleep disorders. Maintaining a normal sleep schedule,
improving sleep efficiency, and reducing sleep fragmentation may
be linked to a slower progression of cognitive impairment and
offer guidance for sleep disorder interventions in MCI patients.
Future consideration of the progression of sleep changes in large
samples from healthy aging to MCI and across the board in the

References

1.Li W, Wang Q, Du S, Pu Y, Xu G. Acupuncture for mild cognitive
impairment in elderly people: systematic review and meta-analyses. Medicine. (2020)
99:€22365. doi: 10.1097/MD.0000000000022365

Frontiersin Psychiatry

19

10.3389/fpsyt.2023.1212514

ancient city of AD is needed to understand how these macroscopic
and microscopic sleep variables change as the cognitive function
progresses, as well as to increase research on all stages of sleep in
aMCI/naMCI patients, and to conduct higher quality randomized
controlled trials for exploration and validation.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Author contributions

YL and WL: study design and manuscript writing. YL, WL,
and MW: data collection, data analysis, and critical revisions for
important intellectual content. WL: study supervision. All authors
contributed to the article and approved the submitted version.

Funding

This work was supported by grant: Z2022107 from Shandong
Provincial Department of Education 2022 Shandong Provincial
Undergraduate Teaching Reform Research Project.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2023.
1212514/full#supplementary-material

2. He W, Li M, Han X, Zhang W. Acupuncture for mild cognitive impairment
and dementia: an overview of systematic reviews. Front Aging Neurosci. (2021)
13:647629. doi: 10.3389/fnagi.2021.647629

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1212514
https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1212514/full#supplementary-material
https://doi.org/10.1097/MD.0000000000022365
https://doi.org/10.3389/fnagi.2021.647629
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Liang et al.

3. Barry Reisberg SHEM. Stage-specific behavioral, cognitive, and in vivo changes
in community residing subjects with age-associated memory impairment and primary
degenerative dementia of the Alzheimer type. Drug Dev Res. (1988) 15:101-
14. doi: 10.1002/ddr.430150203

4. Langa KM, Levine DA. The diagnosis
cognitive impairment: a clinical review.
312:2551-61. doi: 10.1001/jama.2014.13806

of mild
(2014)

and management
] Am Med Assoc.

5. D'Torio A, Santangelo G. Apathy and depression in amnestic and non-
amnestic mild cognitive impairment. J Clin Exp Neuropsychol. (2022) 44:103-
8. doi: 10.1080/13803395.2022.2074967

6. Petersen  RC. Mild  cognitive  impairment.
22:404-18. doi: 10.1212/CON.0000000000000313

Continuum. (2016)

7. Qian S, Yu M. Recent advance in biomarkers as predictors for conversion from
mild cognitive impairment to Alzheimer’s disease. Chin | Neuromed. (2020) 19:519-
24. doi: 10.3760/cma.j.cn115354-20191225-00775

8. Overton M, Pihlsgard M, Elmstéhl S. Prevalence and incidence of mild cognitive
impairment across subtypes, age, and sex. Dement Geriatr Cogn Disord. (2019) 47:219-
32. doi: 10.1159/000499763

9. Yaremchuk K. Sleep disorders in the elderly. Clin Geriatr Med. (2018) 34:205-
16. doi: 10.1016/j.cger.2018.01.008

10. Huang J, Zuber V, Matthews PM, Elliott P, Tzoulaki J, Dehghan A. Sleep,
major depressive disorder, and Alzheimer disease: a Mendelian randomization study.
Neurology. (2020) 95:¢1963-70. doi: 10.1212/WNL.0000000000010463

11. Martin E, Velayudhan L. Neuropsychiatric symptoms in mild cognitive
impairment: a literature review. Dement Geriatr Cogn Disord. (2020) 49:146-
55. doi: 10.1159/000507078

12. Hu M, Zhang P, Li C, Tan Y, Li G, Xu D, et al. Sleep disturbance in mild
cognitive impairment: a systematic review of objective measures. Neurol Sci. (2017)
38:1363-71. doi: 10.1007/s10072-017-2975-9

13. D'Rozario AL, Chapman JL, Phillips CL, Palmer JR, Hoyos CM, Mowszowski
L, et al. Objective measurement of sleep in mild cognitive impairment: a systematic
review and meta-analysis. Sleep Med Rev. (2020) 52:101308. doi: 10.1016/j.smrv.2020.
101308

14. Cai S, Li T, Zhang L, Shi L, Liao J, Li W, et al. Characteristics
of sleep structure assessed by objective measurements in patients with
amnestic mild cognitive impairment: a meta-analysis. Front Neurol. (2020)
11:577126. doi: 10.3389/fneur.2020.577126

15. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
Br Med J. (2021) 372:n71. doi: 10.1136/bmj.n71

16. Rundo JV, Downey RR. Polysomnography. Handb Clin Neurol. (2019) 160:381-
92. doi: 10.1016/B978-0-444-64032-1.00025-4

17. Walia HK, Mehra R. Practical aspects of actigraphy and approaches
in clinical and research domains. Handb Clin Neurol. (2019) 160:371-
9. doi: 10.1016/B978-0-444-64032-1.00024-2

18. Budig M, Stoohs R, Keiner M. Validity of two consumer multisport activity
tracker and one accelerometer against polysomnography for measuring sleep
parameters and vital data in a laboratory setting in sleep patients. Sensors. (2022)
22:239540. doi: 10.3390/522239540

19. Mu Y, Yueying W, Jinjin Y, Bingqgian Z. Interpretation of 2018 use of actigraphy
for the evaluation of sleep disorders and circadian rhythm sleep-wake disorders: an
American Academy of Sleep Medicine Clinical Practice Guideline. Shanghai Nurs.
(2022) 22:1-5. doi: 10.3969/j.issn.1009-8399.2022.06.001

20. Iber C, Ancoli-Israel S, Chesson AL. The AASM Manual for the Scoring of Sleep
and Associated Events: Rules, Terminology and Technical Specifications. Westchester,
NY: American Academy of Sleep Medicine (2007).

21. Rechtschchaffen A, Kales A. Human Sleep Stages Standardisation Handbook
of Standardised Terminology, Techniques and Classification ~Systems. Los
Angeles, CA: Brain Information Service; Brain Research Institute University of
California (1968).

22. Sleep Disorders Committee of the Neurologist Branch of the Chinese
Medical Association, Sleep Disorders Committee of the Chinese Sleep Research
Association, Sleep Disorders Group of the Neurology Branch of the Chinese
Medical Association. Expert consensus on the practice specification and clinical
application of polysomnography in Chinese adults. Natl Med ] China. (2018) 98:3825-
31. doi: 10.3760/cma.j.issn.0376-2491.2018.47.004

23. Fekedulegn D, Andrew ME, Shi M, Violanti JM, Knox S, Innes KM. Actigraphy-
based assessment of sleep parameters. Ann Work Expo Health. (2020) 64:350—
67. doi: 10.1093/annweh/wxaa007

24. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment
of the quality of nonrandomized studies in meta-analyses. Eur | Epidemiol. (2010)
25:603-5. doi: 10.1007/510654-010-9491-z

25. Sur D, Havasi A, Lungulescu CV, Volovat SR, Burz C, Irime A. Endoglin (CD105)
as a putative prognostic biomarker for colorectal cancer: a systematic review. Med
Pharm Rep. (2022) 95:251-9. doi: 10.15386/mpr-2120

Frontiersin Psychiatry

10.3389/fpsyt.2023.1212514

26. Chen Z, Liping Z, Xiangping W, Yingzhong Z, Rong Y, Xiaojia W. The evaluation
on the whole night polysomnography in patients with mild cognitive impairment.
Shanghai Archiv Psychiatry. (2008) 20:203-5. doi: 10.3969/j.issn.1002-0829.2008.04.004

27. Yu J-M, Tseng I-], Yuan R-Y, Sheu J-J, Liu H-C, Hu C-J. Low sleep efficiency in
patients with cognitive impairment. Acta Neurol Taiwan. (2009) 18:91-7.

28. Tseng I-], Liu H-C, Yuan R-Y, Sheu J-J, Yu J-M, Hu C-J. Expression of inducible
nitric oxide synthase (iNOS) and period 1 (PER1) clock gene products in different
sleep stages of patients with cognitive impairment. J Clin Neurosci. (2010) 17:1140-
3. doi: 10.1016/j.jocn.2010.01.035

29. Westerberg CE, Lundgren EM, Florczak SM, Mesulam M-M, Weintraub S, Zee
PG, et al. Sleep influences the severity of memory disruption in amnestic mild cognitive
impairment: results from sleep self-assessment and continuous activity monitoring.
Alzheimer Dis Assoc Disord. (2010) 24:325-33. doi: 10.1097/WAD.0b013e3181e30846

30. Kim SJ, Lee JH, Lee DY, Jhoo JH, Woo JI. Neurocognitive dysfunction associated
with sleep quality and sleep apnea in patients with mild cognitive impairment. Am |
Geriatr Psychiatry. (2011) 19:374-81. doi: 10.1097/JGP.0b013¢3181e9b976

31. Hita-Yanez E, Atienza M, Gil—Neciga E, Cantero JL. Disturbed sleep patterns
in elders with mild cognitive impairment: the role of memory decline and ApoE e4
genotype. Curr Alzheimer Res. (2012) 9:290-7. doi: 10.2174/156720512800107609

32. Hita-Yafiez E, Atienza M,
subjective sleep markers of mild
36:1327-34. doi: 10.5665/sleep.2956

33. Spira AP, Yager C, Brandt ], Smith GS, Zhou Y, Mathur A, et al. Objectively
measured sleep and B-amyloid burden in older adults: a pilot study. SAGE Open Med.
(2014) 2:2050312114546520. doi: 10.1177/2050312114546520

34. Naismith SL, Hickie IB, Terpening Z, Rajaratnam SM, Hodges JR, Bolitho S,
et al. Circadian misalignment and sleep disruption in mild cognitive impairment. J
Alzheimers Dis. (2014) 38:857-66. doi: 10.3233/JAD-131217

35. Wilson G, Terpening Z, Wong K, Grunstein R, Norrie L, Lewis SJG, et al.
Screening for sleep apnoea in mild cognitive impairment: the utility of the multivariable
apnoea prediction index. Sleep Disord. (2014) 2014:945287. doi: 10.1155/2014/945287

Cantero JL.
cognitive impairment.

Polysomnographic ~ and
Sleep.  (2013)

36. Sanchez-Espinosa MP, Atienza M, Cantero JL. Sleep deficits in mild cognitive
impairment are related to increased levels of plasma amyloid-B and cortical thinning.
Neuroimage. (2014) 98:395-404. doi: 10.1016/j.neuroimage.2014.05.027

37. Hayes TL, Riley T, Mattek N, Pavel M, Kaye JA. Sleep habits
in mild cognitive impairment. Alzheimer Dis Assoc Disord. (2014)
28:145-50. doi: 10.1097/WAD.0000000000000010

38. Maestri M, Carnicelli L, Tognoni G, Di Coscio E, Giorgi FS, Volpi L, et al. Non-
rapid eye movement sleep instability in mild cognitive impairment: a pilot study. Sleep
Med. (2015) 16:1139-45. doi: 10.1016/j.sleep.2015.04.027

39. Terpening Z, Lewis SJG, Yee BJ, Grunstein RR, Hickie IB, Naismith SL.
Association between sleep-disordered breathing and neuropsychological performance
in older adults with mild cognitive impairment. J Alzheimers Dis. (2015) 46:157-
65. doi: 10.3233/JAD-141860

40. Brayet P, Petit D, Frauscher B, Gagnon J-F, Gosselin N, Gagnon K, et al.
Quantitative EEG of rapid-eye-movement sleep: a marker of amnestic mild cognitive
impairment. Clin EEG Neurosci. (2016) 47:134-41. doi: 10.1177/1550059415603050

41. Liguori C, Nuccetelli M, Izzi F, Sancesario G, Romigi A, Martorana A, et al. Rapid
eye movement sleep disruption and sleep fragmentation are associated with increased
orexin-a cerebrospinal-fluid levels in mild cognitive impairment due to Alzheimer’s
disease. Neurobiol Aging. (2016) 40:120-6. doi: 10.1016/j.neurobiolaging.2016.01.007

42. Gorgoni M, Lauri G, Truglia I, Cordone S, Sarasso S, Scarpelli S, et al. Parietal
fast sleep spindle density decrease in Alzheimer’s disease and amnesic mild cognitive
impairment. Neural Plast. (2016) 2016:8376108. doi: 10.1155/2016/8376108

43. Reda F, Gorgoni M, Lauri G, Truglia I, Cordone S, Scarpelli S, et al. In search
of sleep biomarkers of Alzheimer’s disease: K-complexes do not discriminate between
patients with mild cognitive impairment and healthy controls. Brain Sci. (2017)
7:50051. doi: 10.3390/brainsci7050051

44. Wams EJ, Wilcock GK, Foster RG, Wulff K. Sleep-wake patterns and cognition
of older adults with amnestic mild cognitive impairment (aMCI): a comparison with
cognitively healthy adults and moderate Alzheimer’s disease patients. Curr Alzheimer
Res. (2017) 14:1030-41. doi: 10.2174/1567205014666170523095634

45. Wilckens KA, Tudorascu DL, Snitz BE, Price JC, Aizenstein HJ, Lopez OL, et al.
Sleep moderates the relationship between amyloid beta and memory recall. Neurobiol
Aging. (2018) 71:142-8. doi: 10.1016/j.neurobiolaging.2018.07.011

46. Basta M, Simos P, Vgontzas A, Koutentaki E, Tziraki S, Zaganas I, et al.
Associations between sleep duration and cognitive impairment in mild cognitive
impairment. J Sleep Res. (2019) 28:¢12864. doi: 10.1111/jsr.12864

47. Carnicelli L, Maestri M, Di Coscio E, Tognoni G, Fabbrini M, Schirru
A, et al. A longitudinal study of polysomnographic variables in patients with
mild cognitive impairment converting to Alzheimer’s disease. | Sleep Res. (2019)
28:€12821. doi: 10.1111/jsr.12821

48. Liu S, Pan ], Lei Q, He L, Zhong B, Meng Y, et al. Spontaneous K-complexes may
be biomarkers of the progression of amnestic mild cognitive impairment. Sleep Med.
(2020) 67:99-109. doi: 10.1016/j.sleep.2019.10.015

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1212514
https://doi.org/10.1002/ddr.430150203
https://doi.org/10.1001/jama.2014.13806
https://doi.org/10.1080/13803395.2022.2074967
https://doi.org/10.1212/CON.0000000000000313
https://doi.org/10.3760/cma.j.cn115354-20191225-00775
https://doi.org/10.1159/000499763
https://doi.org/10.1016/j.cger.2018.01.008
https://doi.org/10.1212/WNL.0000000000010463
https://doi.org/10.1159/000507078
https://doi.org/10.1007/s10072-017-2975-9
https://doi.org/10.1016/j.smrv.2020.101308
https://doi.org/10.3389/fneur.2020.577126
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/B978-0-444-64032-1.00025-4
https://doi.org/10.1016/B978-0-444-64032-1.00024-2
https://doi.org/10.3390/s22239540
https://doi.org/10.3969/j.issn.1009-8399.2022.06.001
https://doi.org/10.3760/cma.j.issn.0376-2491.2018.47.004
https://doi.org/10.1093/annweh/wxaa007
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.15386/mpr-2120
https://doi.org/10.3969/j.issn.1002-0829.2008.04.004
https://doi.org/10.1016/j.jocn.2010.01.035
https://doi.org/10.1097/WAD.0b013e3181e30846
https://doi.org/10.1097/JGP.0b013e3181e9b976
https://doi.org/10.2174/156720512800107609
https://doi.org/10.5665/sleep.2956
https://doi.org/10.1177/2050312114546520
https://doi.org/10.3233/JAD-131217
https://doi.org/10.1155/2014/945287
https://doi.org/10.1016/j.neuroimage.2014.05.027
https://doi.org/10.1097/WAD.0000000000000010
https://doi.org/10.1016/j.sleep.2015.04.027
https://doi.org/10.3233/JAD-141860
https://doi.org/10.1177/1550059415603050
https://doi.org/10.1016/j.neurobiolaging.2016.01.007
https://doi.org/10.1155/2016/8376108
https://doi.org/10.3390/brainsci7050051
https://doi.org/10.2174/1567205014666170523095634
https://doi.org/10.1016/j.neurobiolaging.2018.07.011
https://doi.org/10.1111/jsr.12864
https://doi.org/10.1111/jsr.12821
https://doi.org/10.1016/j.sleep.2019.10.015
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Liang et al.

49. Chen YJ. Sleep Characteristics of Patients With Mild Cognitive Impairment and
Its Correlation With Cognition. Guangzhou: Southern Medical University (2020).

50. Buratti L, Camilletti R, Pulcini A, Rocchi C, Viticchi G, Falsetti L, et al.
Sleep actigraphic patterns and cognitive status. J Integr Neurosci. (2021) 20:385-
92. doi: 10.31083/j.jin2002038

51. Winblad B, Palmer K, Kivipelto M, Jelic V, Fratiglioni L, Wahlund LO, et al.
Mild cognitive impairment-beyond controversies, towards a consensus: report of the
International Working Group on Mild Cognitive Impairment. J Intern Med. (2004)
256:240-6. doi: 10.1111/j.1365-2796.2004.01380.x

52. Petersen RC, Smith GE, Waring SC, Ivnik R], Tangalos EG, Kokmen E. Mild
cognitive impairment: clinical characterization and outcome. Arch Neurol. (1999)
56:303-8. doi: 10.1001/archneur.56.3.303

53. American Sleep Disorder Association. EEG arousals: scoring rules and examples.
Sleep. (1992) 15:173-84.

54. Petersen RC. Mild cognitive impairment as a diagnostic entity. J Intern Med.
(2004) 256:183-94. doi: 10.1111/j.1365-2796.2004.01388.x

55. Petersen RC, Morris JC. Mild cognitive impairment as a clinical entity and
treatment target. Arch Neurol. (2005) 62:1160-3. doi: 10.1001/archneur.62.7.1160

56. Webb WB, Dreblow LM. A modified method for scoring slow wave sleep of older
subjects. Sleep. (1982) 5:195-9. doi: 10.1093/sleep/5.2.195

57. Albert MS, DeKosky ST, Dickson D, Dubois B, Feldman HH, Fox NC,
et al. The diagnosis of mild cognitive impairment due to Alzheimers disease:
recommendations from the National Institute on Aging-Alzheimers Association
workgroups on diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement.
(2011) 7:270-9. doi: 10.1016/j.jalz.2011.03.008

58. Petersen RC, Aisen P, Boeve BE, Geda YE, Ivnik R], Knopman DS, et al. Mild
cognitive impairment due to Alzheimer disease in the community. Ann Neurol. (2013)
74:199-208. doi: 10.1002/ana.23931

59. Kabeshita Y, Adachi H, Matsushita M, Kanemoto H, Sato S, Suzuki Y, et al. Sleep
disturbances are key symptoms of very early stage Alzheimer disease with behavioral
and psychological symptoms: a Japan multi-center cross-sectional study (J-BIRD). Int
J Geriatr Psychiatry. (2017) 32:222-30. doi: 10.1002/gps.4470

60. Sunseri M, Liden C, Farringdon J, Pelletier R, Safier S, Stivoric J, et al. The
SenseWear armband as a Sleep Detection Device. (2009) 1-9.

61. Bixler EO, Vgontzas AN, Lin HM, Vela-Bueno A, Kales A. Insomnia in central
Pennsylvania. ] Psychosom Res. (2002) 53:589-92. doi: 10.1016/50022-3999(02)00450-6

62. Flicker C, Ferris SH, Reisberg B. Mild cognitive impairment in the elderly:
predictors of dementia. Neurology. (1991) 41:1006-9. doi: 10.1212/wnl.41.7.1006

63. Zaudig M. A new systematic method of measurement and diagnosis of “mild
cognitive impairment” and dementia according to ICD-10 and DSM-III-R criteria. Int
Psychogeriatr. (1992) 4:203-19. doi: 10.1017/s1041610292001273

64. Petersen RC, Smith GE, Waring SC, Ivnik R], Kokmen E, Tangelos EG. Aging,
memory, and mild cognitive impairment. Int Psychogeriatr. (1997) 9 Suppl 1:65-9.
doi: 10.1017/s1041610297004717

65. Petersen RC, Doody R, Kurz A, Mohs RC, Morris JC, Rabins PV, et al.
Current concepts in mild cognitive impairment. Arch Neurol. (2001) 58:1985-92.
doi: 10.1001/archneur.58.12.1985

66. Portet E Ousset PJ, Visser PJ, Frisoni GB, Nobili F Scheltens P, et al. Mild
cognitive impairment (MCI) in medical practice: a critical review of the concept
and new diagnostic procedure. Report of the MCI Working Group of the European
Consortium on Alzheimer’s Disease. ] Neurol Neurosurg Psychiatry. (2006) 77:714-8.
doi: 10.1136/jnnp.2005.085332

67. McKhann GM, Knopman DS, Chertkow H, Hyman BT, Jack CR Jr, Kawas
CH, et al. The diagnosis of dementia due to Alzheimer’s disease: recommendations
from the National Institute on Aging-Alzheimer’s Association workgroups on
diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement. (2011) 7:263-9.
doi: 10.1016/j.jalz.2011.03.005

68. Zhang Y, Ren R, Yang L, Zhang H, Shi Y, Okhravi HR, et al. Sleep in Alzheimer’s
disease: a systematic review and meta-analysis of polysomnographic findings. Transl
Psychiatry. (2022) 12:136. doi: 10.1038/s41398-022-01897-y

69. Leng M, Yin H, Zhang P, Jia Y, Hu M, Li G, et al. Sleep quality and
health-related quality of life in older people with subjective cognitive decline,

mild cognitive impairment, and Alzheimer disease. J Nerv Ment Dis. (2020)
208:913. doi: 10.1097/NMD.0000000000001187

70. Martin JL, Ancoli-Israel S. Sleep disturbances in long-term care. Clin Geriatr
Med. (2008) 24:39-50. doi: 10.1016/j.cger.2007.08.001

Frontiersin Psychiatry

21

10.3389/fpsyt.2023.1212514

71. Wang X, Chen Y, Yue B, Li S, Liu Q, Li Q, et al. Association of changes in self-
reported sleep duration with mild cognitive impairment in the elderly: a longitudinal
study. Aging. (2021) 13:14816-28. doi: 10.18632/aging.203149

72. Winer JR, Deters KD, Kennedy G, Jin M, Goldstein-Piekarski A, Poston KL, et al.
Association of short and long sleep duration with amyloid-p burden and cognition in
aging. ] Am Med Assoc Neurol. (2021) 78:1187-96. doi: 10.1001/jamaneurol.2021.2876

73. Kamagata K, Andica C, Takabayashi K, Saito Y, Taoka T, Nozaki H, et al.
Association of MRI indices of glymphatic system with amyloid deposition and
cognition in mild cognitive impairment and Alzheimer disease. Neurology. (2022)
99:€2648-60. doi: 10.1212/WNL.0000000000201300

74. Wan Suh S, Han JW, Lee JR, Byun S, Kwon SJ, Oh SH, et al. Sleep and
cognitive decline: a prospective nondemented elderly cohort study. Ann Neurol. (2018)
83:472-82. doi: 10.1002/ana.25166

75. Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, DonCarlos L, et al.
National Sleep Foundation’s updated sleep duration recommendations: final report.
Sleep Health. (2015) 1:233-43. doi: 10.1016/j.sleh.2015.10.004

76. Ohayon MM, Carskadon MA, Guilleminault C, Vitiello MV. Meta-analysis
of quantitative sleep parameters from childhood to old age in healthy individuals:
developing normative sleep values across the human lifespan. Sleep. (2004) 27:1255-
73. doi: 10.1093/sleep/27.7.1255

77. Feinsilver SH. Normal and abnormal sleep in the elderly. Clin Geriatr Med.
(2021) 37:377-86. doi: 10.1016/j.cger.2021.04.001

78. Blackwell T, Yaffe K, Laffan A, Ancoli-Israel S, Redline S, Ensrud KE, et al.
Associations of objectively and subjectively measured sleep quality with subsequent
cognitive decline in older community-dwelling men: the MrOS sleep study. Sleep.
(2014) 37:655-63. doi: 10.5665/sleep.3562

79. Ma XQ, Jiang CQ, Xu L, Zhang WS, Zhu E Jin YL, et al. Sleep quality and
cognitive impairment in older Chinese: Guangzhou Biobank Cohort Study. Age Ageing.
(2019) 49:119-24. doi: 10.1093/ageing/afz120

80. Cordone S, Scarpelli S, Alfonsi V, De Gennaro L, Gorgoni M. Sleep-
based interventions in Alzheimers disease: promising approaches from
prevention to treatment along the disease trajectory. Pharmaceuticals. (2021)
14:40383. doi: 10.3390/ph14040383

81. Neikrug AB, Chen IY, Palmer JR, McCurry SM, Von Korff M, Perlis M, et al.
Characterizing behavioral activity rhythms in older adults using actigraphy. Sensors.
(2020) 20:20549. doi: 10.3390/520020549

82. Rosler L, van der Lande G, Leerssen ], Cox R, Ramautar JR, van Someren
EJW. Actigraphy in studies on insomnia: worth the effort? J Sleep Res. (2023)
32:e13750. doi: 10.1111/jsr.13750

83. Lehrer HM, Yao Z, Krafty RT, Evans MA, Buysse DJ, Kravitz HM, et al.
Comparing polysomnography, actigraphy, and sleep diary in the home environment:
the Study of Women’s Health Across the Nation (SWAN) Sleep Study. Sleep Adv. (2022)
3:cl. doi: 10.1093/sleepadvances/zpac001

84. Setzer B, Fultz NE, Gomez D, Williams SD, Bonmassar G, Polimeni JR, et al. A

temporal sequence of thalamic activity unfolds at transitions in behavioral arousal state.
Nat Commun. (2022) 13:5442. doi: 10.1038/s41467-022-33010-8

85. MacDonald KJ, Cote KA. Contributions of post-learning REM and NREM
sleep to memory retrieval. Sleep Med Rev. (2021) 59:101453. doi: 10.1016/j.smrv.2021.
101453

86. Brayet P, Petit D, Baril A-A, Gosselin N, Gagnon J-E Soucy J-P, et al. Brain
perfusion during rapid-eye-movement sleep successfully identifies amnestic mild
cognitive impairment. Sleep Med. (2017) 34:134-40. doi: 10.1016/j.sleep.2017.01.025

87. Liu S, Pan J, Tang K, Lei Q, He L, Meng Y, et al. Sleep spindles,

K-complexes, limb movements and sleep stage proportions may be
biomarkers for amnestic mild cognitive impairment and Alzheimer’s
disease.  Sleep  Breath.  (2020)  24:637-51.  doi: 10.1007/s11325-019-
01970-9

88. Ma X, Huaxia S. Study on the effect of auricular point pressing bean
combined with foot bath of traditional Chinese medicine on the sleep of
the elderly patients with chronic insomnia. Reflexol Rehabilitat Med. (2020)
29:25-7.

89. Zhang Y, Gruber R. Can slow-wave sleep enhancement improve memory?
A review of current approaches and cognitive outcomes. Yale ] Biol Med. (2019)
92:63-80.

90. Scholes S, Santisteban JA, Zhang Y, Bertone A, Gruber R. Modulation
of slow-wave sleep: implications for psychiatry. Curr Psychiatry Rep. (2020)
22:52. doi: 10.1007/s11920-020-01175-y

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1212514
https://doi.org/10.31083/j.jin2002038
https://doi.org/10.1111/j.1365-2796.2004.01380.x
https://doi.org/10.1001/archneur.56.3.303
https://doi.org/10.1111/j.1365-2796.2004.01388.x
https://doi.org/10.1001/archneur.62.7.1160
https://doi.org/10.1093/sleep/5.2.195
https://doi.org/10.1016/j.jalz.2011.03.008
https://doi.org/10.1002/ana.23931
https://doi.org/10.1002/gps.4470
https://doi.org/10.1016/s0022-3999(02)00450-6
https://doi.org/10.1212/wnl.41.7.1006
https://doi.org/10.1017/s1041610292001273
https://doi.org/10.1017/s1041610297004717
https://doi.org/10.1001/archneur.58.12.1985
https://doi.org/10.1136/jnnp.2005.085332
https://doi.org/10.1016/j.jalz.2011.03.005
https://doi.org/10.1038/s41398-022-01897-y
https://doi.org/10.1097/NMD.0000000000001187
https://doi.org/10.1016/j.cger.2007.08.001
https://doi.org/10.18632/aging.203149
https://doi.org/10.1001/jamaneurol.2021.2876
https://doi.org/10.1212/WNL.0000000000201300
https://doi.org/10.1002/ana.25166
https://doi.org/10.1016/j.sleh.2015.10.004
https://doi.org/10.1093/sleep/27.7.1255
https://doi.org/10.1016/j.cger.2021.04.001
https://doi.org/10.5665/sleep.3562
https://doi.org/10.1093/ageing/afz120
https://doi.org/10.3390/ph14040383
https://doi.org/10.3390/s20020549
https://doi.org/10.1111/jsr.13750
https://doi.org/10.1093/sleepadvances/zpac001
https://doi.org/10.1038/s41467-022-33010-8
https://doi.org/10.1016/j.smrv.2021.101453
https://doi.org/10.1016/j.sleep.2017.01.025
https://doi.org/10.1007/s11325-019-01970-9
https://doi.org/10.1007/s11920-020-01175-y
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Characteristics of macroscopic sleep structure in patients with mild cognitive impairment: a systematic review
	1. Introduction
	2. Methods
	2.1. Search strategy
	2.2. Literature inclusion and exclusion criteria
	2.3. Sleep assessment methods and objective indicators
	2.4. Literature screening and data extraction
	2.5. Literature quality assessment
	2.6. Methodology of data analysis

	3. Results
	3.1. Results of the literature search
	3.2. Basic characteristics of the included studies
	3.3. Literature quality evaluation results
	3.4. Meta-analysis results
	3.4.1. TST
	3.4.2. SE
	3.4.3. WASO
	3.4.4. SL
	3.4.5. REML
	3.4.6. REM%
	3.4.7. N1%
	3.4.8. N2%
	3.4.9. N3%
	3.4.10. Awakenings
	3.4.11. AI

	3.5. Literature publication bias and sensitivity analysis

	4. Discussion
	4.1. Altered sleep and waking time in MCI patients
	4.2. Change in sleep stages in MCI patients

	5. Strengths and limitations
	6. Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


