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Appendix 1 Newcastle-Ottawa Quality Assessment Scale- Cohort Studies (involving version)

Risk of bias

Questions

Scores

&

Standards
a) randomly selected or
b) database covering very large population or

☆

d) reported there is no difference in important characteristics between those who agreed to participate and those

the exposed cohort

who did not

Selection

0.5☆

(generalisability,
assessment
bias

and

potential
reverse
causality)

Q2. selection of the
non-exposed cohort
Q3. ascertainment of

bias
Outcome

PR varies from 70% to 90% with no reporting of significant difference in important characteristics between those
who agreed to participate and those who did not

0

Selected group of users e.g. nurses, volunteers or no description

☆

Drawn from the same community as the exposed cohort

0.5☆

Self-report to simple question with potential recall bias

0

Drawn from a different source or no description of the derivation of the non-exposed cohort

☆

Questionnaire or interview based on self-report to series questions or database

0.5☆

Self-report to simple question with potential recall bias

0

No description

Q4. demonstration that

☆

Cognitively intact for outcome as dementia or MCI; Free of dementia for population with MCI at baseline

outcome of interest was not

0.5☆

Free of dementia (cognitively intact & cognitive impairment no dementia (CIND)) for outcome of dementia

present at baseline

0

No description

Q5. comparability of cohorts

☆☆

exposure

Confounding

c) participation rate (PR) is ≥ 90% or

Q1. representativeness of

on the basis of the design or
analysis
Q6. assessment of outcome

☆

Except for age, sex, and education, the analysis still controls forat least another two domains of AD risk factors,
including APOE4, pre-existing disease, lifestyle, medical exposure, biochemical exposure, occupation, diet, etc.
Controls for age, sex and education

0

No description

☆

Independent or blind assessment
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(assessment
bias

and

attrition bias)

Q7. follow-up long enough
for outcomes to occur?

#

Q8. adequacy of follow up
of cohorts

*

0.5☆

Record linkage (e.g. identified through ICD codes on database records or claim data)

0

Self-report or no description

☆

The average or max duration reach the lower 95% CI.

0

The average or max duration did not reach the lower 95% CI.

☆

Attrition rate ≤ 5%

0.5☆

5% ≤ Attrition rate ≤ 20%

0

Attrition rate > 20% and no description of those lost or no description

& A study can be awarded a maximum of one star for each numbered item within the Selection and Outcome categories. A maximum of two stars can be given
for Comparability. In the involving version, an assignment of a half point (0.5) is permitted.

#Figure: It is obviously absurd to define a common period for population with diverse age range at baseline. A presumable negative correlation was reasonably
supposed to exist between so-called adequate follow-up period and average age of population at baseline. Here, we will draw the nonlinear regression line with
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its 95% confidence interval (CI) for the association between the mean/max follow-up duration and mean age of population at baseline for AD cohorts
(unpublished data). We will predefine that the follow-up is adequate if the average or max duration reach the lower 95% CI.
*It has been indicated that a rate of loss < 5% probably leads to little bias, whereas a rate of loss that is greater than 20% potentially poses serious threats to
validity [2].
Reference
[1] Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in meta-analyses.Eur J Epidemiol.
2010 Sep;25(9):603-5.
[2] Sackett DL, Richardson WS, Rosenberg W, Haynes RB. Evidence-based medicine: how to practice and teach EBM. NewYork: Churchill Livingstone, 1997.
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Appendix 2 Grading approaches used to assessthe credibility of meta-analysis
1. Risk of bias:
First, we calculated the weightedquality score(WQS)=QS (study 1) × weight% (study 1) +
QS(study 2) × weight% (study 2) + ……QS(study n) × weight% (study n)
Note: “QS”means NOS score (total score= 9); “Weight” means weight value in the random
model
WQS

Risk of bias

[7.5-9]

0 (probably low)

[6.5-7.5)

-1 (probably moderate)

<6.5

-2 (probably high)

If WQS<8 (indicating potentially serious risk of bias), further analysis should be conducted
before directly downgrading the item. (SeeFigure below)

Legend: Pool and compare the results based on the QS (3 levels listed in the table above).
The quality score, weight, outlier, and their influences on the pooled results were
comprehensively taken into consideration before rating.
2. Inconsistency
(1) Estimate the heterogeneity by calculating the I , p value, and τ .
2

2

-

I

Heterogeneity level

<40%

0 (probably low)

2

40-60%

-1(probably moderate)

60-100%

-2 (probably high)

P value with cutoff of 0.1 qualitatively assesses the heterogeneity.
5
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Τisthe SD of the between-study effects and τ can be used to calculate the percentage of
2

-

heterogeneity accounted by variables included in the meta-regression model.
(2) The variability of point estimates, especially notice whether there is study with large
sample and constrained confidence interval.
(3) Overlapping of the confidence interval
(4) Explore the source of heterogeneity via sensitivity analysis, meta-regression, and
subgroup analysis.
(5) No need to downgrade the item if the heterogeneity would not influence the individuals’
concern.
(6) Exclude those “small sample study” with low quality score and outlier point estimate that is
the main source of heterogeneity.
3. Imprecision
Calculate the RR & 95% confidence interval (CI) and 95% prediction interval (PI):
-

The CI in a random-effects model contains highly probable values for the summary
(mean)effect but gives no information on the range of true effects that are likely to be seen
in other settings which convey what range of intervention effects are likely to be seen in
otherindividuals.

-

A 95%PI estimates where the true effects are to be expected for 95% of similar
(exchangeable) studies that might be conducted in the future. In the absence of
between-study heterogeneity, the prediction interval coincides with the respective CI.
However, in case of heterogeneity, a prediction interval covers a wider range than a CI.

95%CI

95%PI

Rating

Not containing RR=1

Not containing RR=1

0

Containing RR=1 & not containing RR=0.75 or 1.25

Containing RR=1 & not containing RR=0.75 or 1.25

0

Not containing RR=1

Containing RR=1

-1

Containing RR=1 & not containing RR=0.75 or 1.25

Containing RR=1 & RR=0.75 or 1.25

-1

Containing RR=1 & 0.75 or 1.25

Containing RR = 1 & 0.75 or 1.25 or PI not available

-2

Note: RR=0.75 or 1.25 is representative of the rough cutoff of evident benefits or harm.
Further, this item is downgraded when the sample size is too small.
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GASP system
The GASP rating system primarily divides the grade level of evidence into 4
categories(including good (G), acceptable (A), suspicious (S) and poor (P) grade) majorly
based on the three domains above. Each domain was independently rated as 0, -1 and -2.
Grade level of each meta-analysis result was defined according to the combination form:


When no category was rated as “-2”:

G level (total score= 0 (0 0 0)) andA+ level(total score= -1 (0 0 -1)) were regarded as
moderate-to-high credibility
A- level with total score= -2 (-1 -1 0) was regarded as low credibility
S level with total score= -3 (-1 -1 -1) was regarded as very low credibility


When any category was rated as “-2”:

S+ level: total score=-2 (-2 0 0); S- level: total score= -3 (-2 -1 0); P level: total score≥ -4.
These three levels were regarded as very low credibility.
Reference
1.Guyatt, G.H., et al., GRADE guidelines: 4. Rating the quality of evidence--study limitations
(risk of bias). J ClinEpidemiol, 2011. 64(4): p. 407-15.
2.Guyatt,

G.H.,

et

al.,

GRADE

guidelines

6.

Rating

the

quality

of

evidence--imprecision.JClinEpidemiol, 2011. 64(12): p. 1283-93.
3.Guyatt, G.H., et al., GRADE guidelines: 7. Rating the quality of evidence--inconsistency. J
ClinEpidemiol, 2011. 64(12): p. 1294-302.
4. Iorio, A., et al., Use of GRADE for assessment of evidence about prognosis: rating
confidence in estimates of event rates in broad categories of patients. BMJ, 2015. 350: p.
h870.
5.

Whelton,

P.K.,

et

al.,

2017

ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention,
Detection, Evaluation, and Management of High Blood Pressure in Adults: A Report of the
American College of Cardiology/American Heart Association Task Force on Clinical Practice
Guidelines. J Am CollCardiol, 2017
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Appendix 3 Definitions of sleep disorders in 51 studies included.
N

Author

&

Tool

Questions

PSQI

Mid-sleep time: The mid-point between the self-reported bedtime and the waking time. Rate: Average, between AM 1:00 and AM 3:00; Early,

Year
1

Suh, 2018

before AM 1:00; Late, after AM 3:00
Sleep duration: Subjectively reported total duration of actual sleep; Rate: Average, between 5 hr 3min
and 7 hr 57 min; Short, less than 5 hr 3 min; Long, more than 7 hr 57 min
Sleep latency: Sum of two scores; Self-reported time spent awake in bed before falling asleep; <15 min (0), 16-30 min (1), 31-60 min (2), >60
min (3). Frequency of nights with sleep latency more than 30 minutes; Not during the past month (0), < 1 per week (1), 1 or 2 per week (2), ≥ 3
per week (3). If sum is equal 0 = 0 (component score); 1-2=1; 3-4=2, 5-6=3. Rate: Short, component score 0 or 1; Long, component score 2 or 3,
i.e. sleep latency > 30 min occurring at least every month
Sleep quality: Subjective rate of overall quality of sleep; very good (0), fairly good (1), fairly bad (2), very bad (3) Rate: Good, component score 0
or 1; Poor, component score 2 or 3
Sleep efficiency: The ratio of the subjectively reported actual sleep duration to the total time spent in bed; ≥ 85% (0), 75-84% (1), 65-74% (2),
< 65% (3) Rate: Good, component score 0 or 1
Poor, component score 2 or 3, i.e. self-reported sleep efficiency < 75 %
Daytime dysfunction: Sum of two scores; Whether having a problem keeping up enthusiasm to get
things done; No problem at all (0), Only a very slight problem (1), Somewhat of a problem (2), A very big problem (3). How often having a trouble
staying awake while driving, eating meals, or engaging in social activity; Not during the past month (0), < 1 per week (1), 1 or 2 per week (2), ≥
3 per week (3). If
sum is equal 0 = 0 (component score); 1-2=1; 3-4=2, 5-6=3. Rate: Absent, component score 0; Present, component score 1, 2, or 3
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Self-reported

CAIDE-midlife: During the previous month, how often have you been bothered by insomnia?

questions;

1) Not at all

BDI; CPRS

2) Sometimes
3) Often
CAIDE-late-life:
1) I sleep as well as before
2) When I wake up in the morning, I’m more tired than before
3) I wake up 1–2 hours earlier than usual and it is hard for me to fall back asleep
4) I wake up early every morning and I am not able to get more than 5 hours of uninterrupted sleep
The question was dichotomized as response alternatives 1–2 indicating no terminal insomnia versus 3–4 indicating terminal insomnia.
H70-latelife: Initial insomnia: Do you have trouble initiating sleep? Terminal insomnia: Do you wake up early in the morning? Sleep duration: On
average, how many hours do you sleep per night? 7–8 hours 5 sufficient (the reference) versus 2–6 hours 5 short versus 9–11 hours 5 long.
H70 and KP-late-life: a subjective feeling of reduced duration or depth of sleep compared with the subject’s own normal pattern;
(0–1) I sleep as normal
(2–3) moderate difficulties in initiating sleep, or shorter, lighter or disturbed sleep
(4–5) reduced sleep with at least 2 hours per night or early awakenings without external influence
(6) less than 2–3 hours sleep per night
The question was dichotomized as response alternatives 0–1 versus 2–6

3

Ohara, 2018

Self-reported

4

Nakakubo,

Self-reported

“Please describe the total duration of your sleep by adding your nighttime sleep and daytime napping in a 24-hour period.” Based on their
responses, subjects were classified into 5 categories of daily sleep duration (<5.0, 5.0–6.9, 7.0–7.9, 8.0–9.9, 10.0 hours).
The participants were divided into three groups according to their self-reported sleep duration (short, ≤6 hr; medium, 6.1–8.9 hr (control); long,
≥9 hr).

2018

EDS (excessive daytime sleepiness) was assessed using the question “How often do you experience daytime sleepiness requiring a nap?”,
with the following options in response: “almost always,” “sometimes,” and “rarely or never.” EDS was deemed to be present when it was reported
to occur “almost always”
5

Lysen; 2018

PSQI

The PSQI assesses sleep quality and behaviorin the past month using questions about bedtimes and multiple sleep problems. Answer scores
are combined in seven component scores (range: 0–3): quality, latency, duration, efficiency, disturbances, medication and daytime
dysfunction. These are summed to provide a global sleep quality score (range: 0–21). Higher scores indicate poorer sleep, with scores >5.0
indicating ‘poor’ versus ‘good’ sleepers.
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objective

An apnea was considered present if there was an absence or near absence of airflow (at least <25% of baseline) for ≥10 seconds. Hypopnea

measurement

was defined as a decrease in the amplitude of the airflow below 70% of baseline for ≥10 seconds and an oxyhemoglobin desaturation of at
least 4%. The apnea-hypopnea index (AHI) was calculated as the number of obstructive apneas (regardless of the oxygen desaturation level)
plus hypopneas (with a ≥4% decrease in oxygen saturation) per hour of sleep. Participants were categorized into four OSA severity groups
according to the AHI: <5.0 events/hr (normal), 5.0–14.9 events/hr (mild sleep apnea), 15–29.9 events/hr (moderate sleep apnea), ≥30.0
events/hr (severe sleep apnea).

7

Lu; 2018

Self-reported

We obtained data on sleep duration in 2006 and 1994, respectively, by asking the same question, “How many hours on average do you sleep
per day?” representing their mean 24-hr sleep duration in the previous year. In 1994, participants were asked to enter an integer number to
answer this question; also in 2006, participants were required to choose from the following options: “≤5 hr,” “6 hr,” “7 hr,” “8 hr,” “9 hr,” and “≥10
hr,” which are also integer numbers, to represent their sleep duration.
Based on self-reported sleep duration at the two time points, we categorized the participants into fve groups: (1) decrease in sleep duration by ≥
2 hr, (2) decrease in sleep duration by 1 hr, (3) no change in sleep duration (i.e. reference group), (4) increase in sleep duration by 1 hr, and (5)
increase in sleep duration by ≥2 hr.

8

Li, 2018

Objective

Sleep fragmentation index that represents the probability of having an arousal (e.g., a non-zero activity count) after a long (~5 min) period of

measurement

rest (i.e., sleep)

9

Li, 2018

Self-reported

Sleep duration was categorized as less than 7 hours per day (less sleep) and normal/adequate sleep (> = 7 hours per day)

10

Larsson,

Self-reported

Sleep duration: ≤6.0 h/night; 6.1–7.0 h/night; 7.1–9.0 h/night; >9.0 h/night

Self-reported

Sleep disturbance was measured by the self-reported presence or absence of nighttime behaviors (awakening during the night, rising too early

2018
11

Burke, 2018

in the morning, or taking excessive naps during the day). If any of the three symptoms were reported to occur in the past 30 days, participants
were considered to have a sleep disturbance
12

Westwood,

PAI

2017
13

Sung, 2017

Participants responded to the question “How many hours do you typically sleep?” Responses were recorded to the nearest integer. Sleep
duration was examined as a 3-level variable: <6 hours (short sleep duration), 6–9 hours (reference), and >9 hours (long sleep duration)

Database

Non-apnea sleep disorder

records
14

Chang, 2013

Database

sleep apnea

records
15
16

Reijs, 2017
Pase, 2017

Self-reported

Sleep problems was defined as sleep problems reported by the patient and/or caregiver in clinical interview or a total score (i.e., frequency x

or NPI

severity) of more than two on the sleep item on the NPI.

objective

REM sleep percentage or latency

measurement
10
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Self-reported

Sleep disturbance was enquired with the question: ‘How often do you have difficulties falling
asleep or maintaining sleep?’. Response alternatives were: ‘never or seldom’, ‘occasionally’ and ‘often’. Information on sleeping hours was
obtained with the question: ‘How many hours do you usually sleep at night?’ Response alternatives were: ≤6, 6.5, 7, 7.5, 8, 8.5, 9, 9.5 and ≥
10 hours. Three categories were constructed: ≤6.5, 7–8 and ≥8.5 hours.
Daytime tiredness was enquired with the question: ‘Do you get tired easily?’ with the response alternatives ‘yes’ or ‘no’

18

Gabelle,

Self-reported

Duration of daytime and nighttime sleep, nighttime spent in bed (defined as the total time in bed with or without sleep during the night)

2017

questions;

presence and duration of naps (no nap, nap <1 h, nap ≥1 h).

ESS; RLS

RLS: based on the presence of the four minimal diagnostic criteria, and of possible rapid eye movement RBD: clinically defined by the presence
of violent nighttime agitation accompanied by shouting often at the end of the night and associated with dreamlike memories.
Quantity of total sleep time was evaluated as the sum of daytime and nighttime sleep.
Quality of sleep was measured as sleep efficiency (i.e., total sleep time divided by the time spent
in bed, expressed as a percentage), and WASO.
Sleep questionnaires included the ESS to evaluate EDS with a cut-off score >10.
Insomnia was assessed with the 7-item self-report

19

Bokenberger,

KSQ

ISI (score >7: low insomnia and score ≥15: moderate to severe insomnia).

Rise time and bedtime: rising 8:00 AM or later vs earlier rising; going to bed 11:00 PM or later vs earlier bedtime, respectively.
Time in bed (TIB) was assessed as the difference between the reported bedtime and rising time. TIB was categorized into three groups: ≤6

2017

hours (short), between 6 and 9 hours (reference), and >9 hours (extended)
The sleep items included asking participants whether in the past 6 months they experienced the following: Premature awakening (waking up too
early in the morning), disturbed sleep, difficulties
falling asleep, difficulties awakening (having trouble waking up in the morning), repeated nighttime awakenings, not feeling rested upon
awakening, and heavy snoring. Response alternatives followed a five-point scale ranging from 0 (never) to 4 (always).
The sleep quality index was the mean of 4 sleep items (difficulty falling asleep, disturbed sleep, repeated awakenings, and premature
awakenings),
The restorative sleep index was the mean of 2 sleep items (difficulties awakening and not feeling rested upon awakening)
20

Niu, 2016

PSQI

PSQI: Subjective Sleep Quality, Sleep Latency, Sleep Duration, Habitual Sleep Efficiency, Sleep Disturbances, Use of Medication, and Daytime
Dysfunction. The sleep duration per night was determined via the question in the PSQI: “During the past month, how many hours of actual sleep
did you get at night?”
The self-reported global PSQI scores at baseline were primarily dichotomized as good (the global PSQI score ≤7) or poor (the global PSQI
score >7).

21

Ding, 2016

Self-reported

whether they had ever been treated for sleep apnea. Responses were recorded as “yes” or “no.
11
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22

Diem, 2016

Objective

na

23

Yaffe, 2011

Objective

Sleep-disordered breathing was measured by the apnea-hypopnea index (number of apnea plus hypopnea events per hour of sleep) and

measurement

prevalent sleepdisordered breathing coded as an apneahypopnea index of 15 or more events per hour.

measurement

Calculated variables of sleep fragmentation included arousal index defined as number of
arousals per hour of sleep and minutes of wake after sleep onset (both coded into tertiles).
Sleep duration was measured as the total sleep time coded into tertiles
24

Chen, 2016

Self-reported

“hours of sleep on a typical night during the past 4 weeks” (≤5, 6, 7, 8, 9, ≥10).

25

Yaffe, 2015

Self-reported

ICD codes; SD here include insomina and apean

26

Tsapanou,

MOS

This scale is a self-report 12-item questionnaire which asks the following questions :

2015

Scale

Sleep

(1) How long did it usually take for you to fall asleep during the past 4 weeks? (latency)
(2) On average, how long did you sleep each night during the past 4 weeks?

(duration)

How often during the past 4 weeks did you:
(3) Feel that your sleep was not quiet (moving restlessly, feeling tense, speaking, etc.) while sleeping? (Sleep behavioral disorder)
(4) Get enough sleep to feel rested upon waking in the morning?
(5) Awaken short of breath or with a headache? (Apnea)
(6) Feel drowsy or sleepy during the day? (Daytime dysfunction)
(7) Have trouble falling asleep? (latency)
(8) Awaken during your sleep time and have trouble falling asleep again? (depth)
(9) Have trouble staying awake during the day? (Daytime dysfunction)
(10) Snore during your sleep? (Snoring)
(11) Take naps (5 min or longer) during the day? (naps)
(12) Get the amount of sleep you needed? (Sleep adequacy)
Each of the questions has a possible rating of 0–6, based on the frequency of the sleep problem, with a higher score indicating greater sleep
dysfunction.
27

Martin, 2015

objective

na

measurement
28

Lin, 2015

Database

sleep-related movement disorders

records
29

Chiu, 2015

Database

ICD codes

records
12
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30

Song, 2015

Objective

31

Blackwell,

Objective

2015

measurement

32

Blackwell,

PSQI; ESS

REM sleep percentage

measurement

2014

Apnea was defined as complete or near complete cessation of airflow for >10 seconds
Global PSQI scores range from 0 to 21 and a score of > 5 is indicative of poor sleep;
Scores on the ESS range from 0 to 24, with a score of > 10 indicating excessive daytime sleepiness.
In addition, participants were asked about TST with the question “On most nights, how many hours do you sleep each night?”, with data
collected rounded to the nearest hour

33

Benedict,

Self-reported

2015

Three sleep-related questions which could be answered either “no” or “yes”:
Do you have difficulties falling asleep at night?, Do you often wake up in the early hours, unable to
get back to sleep?, and Do you take sleeping pills more than 3 times per week?. Answering “yes” to any of the three questions was herein
considered to demonstrate that the participant at the time of the survey was likely to have a sleep disturbance. Thus, the three questions were
combined into one variable (denoted “sleep disturbance”), which was given the value of 1 (present) if any of the three questions were answered
as “yes” (i.e. a score of 1–3) and 0 (absent) otherwise (score 0).

34

Hahn, 2014

CPRS

The item used in the current study measured “a subjective feeling of reduced duration or depth of
sleep compared to the subject’s own normal pattern.” The current study used a dichotomous variable in the main analyses (sleep reduction >2
hours [score>1] versus sleep reduction <2 hours [score <1]).

35

Virta, 2013

Self-reported

The subjects were asked to report how many hours they usually slept per day, and also how many hours of sleep they needed during the night to
be alert the following day. Sleep length was categorized into three classes: short (< 7 h), average (7-8 h), and long (> 8 h). Duration of 7-8 hours
of sleep/day was chosen as the reference, as it has been shown that people sleeping 7 h/day have the best survival.
A difference of at least one hour between the 2 questions was considered to indicate insufficient sleep.
Sleep quality was assessed with the question “Do you usually sleep well?” and subjects were divided into 3 sleep quality groups: those who
slept well, rather well, and poorly or rather poorly.
Snoring was also assessed: subjects were divided into those who never or seldom snored and those who often or always snored.

36

Sterniczuk,

Self-reported

2013

A Sleep Disturbance Index (SDI) was created using four sleep-related variables:
1) ‘bothered by sleeping problems during the past six months’
2) ‘bothered by fatigue during the past six months’
3) ‘taking sleep medication for sleeping problems’
4)

37

Peters, 2013

Self-reported

‘recent trouble sleeping or a change in pattern’

The nighttime behaviors included difficulty falling asleep, early morning awakening, and wandering during the night.
13
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38

Lim, 2013

Objective
measurement

WASO

39

Benito-Leon,

Self-reported

Total daily usual sleep duration as the sum of nighttime sleep and daytime napping

40

Benito-León,

Self-reported

Total hours of actual sleep in a 24-hour period.’’ For analysis, average sleep duration was grouped into the following five categories: ≤5, 6,

Sleep fragmentation index has a theoretical advantage over standard summary measures of fragmentation such as sleep efficiency and

2013
7, 8, and ≥9 h.

2009
41

Potvin, 2012

PSQI

42

Keage, 2012

Self-reported

Subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep medication, and
daytime dysfunction
Sleep latency and duration to be calculated, night waking, napping behavior, and excessive daytime sleepiness. Measures collected at
baseline concerned insomnia-type symptoms. The initial question was: ‘‘Do you ever have any problems sleeping?’’ (Scored as: 0 never, 1
seldom, 2 sometimes, 3 often, or 4 all the time). If an individual answered P2, they went on to be asked: ‘‘Do you have problems staying asleep
or falling asleep?’’(Scored as: 1 staying asleep, 2 falling asleep, 3 both) and ‘‘At what age did your sleep become a problem?’’ (Response in
years). All individuals were also asked about their snoring habits: ‘‘Do you snore?’’ (Scored as: 0 no, 1 sometimes, or 2 all the time).

43

Jaussent,

Self-reported

2012

The participants self-rated as “never, rarely, frequently, or often” occurrence of
(1) being excessively sleepy during the day (EDS);
(2) having difficulties in initiating sleep (DIS); Latency
(3) having several awakenings during the night (DMS); ?
(4) having early morning awakening (EMA) without being able to go back to sleep.
Participants also rated their sleep quality (SQ) as good, average, or poor.
EDS was defined as reporting frequently/often
The severity of insomnia was defined by the number of insomnia complaints (having poor SQ or having frequently/often DIS or DMS or EMA).

44

Boot, 2012

MSQ

Have you ever seen the patient appear to ‘act out his/her dreams’ while sleeping? (punched or flailed arms in the air, shouted or screamed).
Informants answer yes only if dream enactment behavior has occurred at least three times.

45

Osorio, 2011

HAM-D

Insomnia was collected only during the normal cognition stage and screened using items 4, 5, and 6 from the HAM-D (falling asleep, depth, and
waking-up early)

46

Elwood,
2011

Self-reported

Snoring: Having been told, and being aware of oneself of snoring on a few nights per month or more;
Insomnia: Difficulty in getting to sleep and waking repeatedly once or twice a week, or more often;
Restless legs: Experiencing ‘restless legs or bothersome twitches’ once or twice a week or more;
Sleep apnea: Having been told of gasping, choking or snorting on one night each week or more, and/or
stopping breathing or breathing abnormally a few nights each month or more; and/or waking suddenly with a feeling of gasping or choking on a
few nights each month or more;
14

Xu W, et al. J Neurol Neurosurg Psychiatry 2020; 91:236–244. doi: 10.1136/jnnp-2019-321896

Supplementary material

J Neurol Neurosurg Psychiatry

Daytime sleepiness: Feeling today a little foggy, or slowed down, or losing the struggle; and/or at least once a week not feeling rested and/or
feeling excessive sleepiness and/or a need for coffee or other stimulant

47

Lobo, 2008

Self-reported

48

Tworoger,

Self-reported

2006

NA
Sleep duration: ‘‘total hours of actual sleep in a 24-hour period’’. Response choices were 5 hours or less, 6 hours, 7 hours, 8 hours, 9 hours, 10
hours, and 11+ hours
Women also were asked ‘‘Do you snore?’’ we examined three categories of snoring: regularly
(including every night and most nights a week), occasionally (including a few nights a week), and never (including almost never).
Women also were asked ‘‘Over the past year, did you have difficulty falling asleep or staying asleep?’’, with response options of all of the
time, most of the time, a good bit of the time, some of the time, a little of the time, and none of the time. Categories were collapsed to regularly (all
or most of the time), occasionally (a good bit or some of the time), and rarely/never (a little or none of the time).

49

Foley, 2001

Self-reported

50

Cricco, 2001

Self-reported

The questions assessed whether participants were sleepy during the day or had insomnia (defined as “usually” having trouble falling asleep or
waking up far too early and not going back to sleep)
Participants were asked how often (rarely or never, sometimes, most of the time) they have trouble falling asleep or trouble with waking up too
early and not being able to fall asleep again. Participants were classified as having insomnia if they reported having either problem most of the
time.

51

Quesnot,

Self-reported

NA

1999
Abbreviations: PSQI: Pittsburgh Sleep Quality Index; NPI-Q: Neuropsychiatric Inventory Questionnaire; BDI: Beck Depression Inventory; CPRS: Comprehensive
Psychopathological Rating Scale; PAI: Physical Activity Index; ISI: Insomnia Severity Index; ESS: Epworth Sleepiness Scale; RLS: Restless Leg Syndrome; RBD: Rapid eye
movement sleep Behavioral Disorder; WASO: Wake Time After Sleep Onset: min of wake after sleep onset during the in-bed interval, with sleep onset defined as the point
when the participant achieved a 20-min continuous block of sleep after “lights off”; KSQ: Karolinska Sleep Questionnaire; CPRS: Comprehensive Psychopathological Rating
Scale; MSQ: Mayo Sleep Questionnaire; HAM-D: Hamilton Depression Rating Scale; TIB: Time In Bed
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Appendix 4 Subgroup analyses for association between insomnia components and cognitive disorders
Daytim e dysfunction
Strata
Total
Region

Sex

Sample size
Cognitive status
at baseline
Age stage

Follow -up (max)

Efficiency

Fragm entation

Adequacy

Frequency

Latency

Subjective quality

Subgroup

N

Pooled results

I2 (p value)

N

Pooled results

I2 (p value)

N

Pooled results

I2 (p value)

N

Pooled results

I2 (p value)

N

Pooled results

I2 (p value)

N

Pooled results

I2 (p value)

N

Pooled results

I2 (p value)

…

14

1.16 (1.06-1.27)

38.3%; 0.072

8

1.15 (1.02-1.30)

83%; <0.01

7

1.11 (1.05-1.17)

0%; 0.77

4

1.14 (0.94-1.44)

71.4%; 0.015

4

1.12 (0.79-1.60)

74%; <0.01

10

1.07 (1.00-1.15)

25.6%; 0.208

8

0.97 (0.89-1.06)

16.3%; 0.301

Europe

5

1.10 (0.99-1.23)

21.8%; 0.276

2

0.98 (0.94-1.02)

19.7%; 0.265

1

1.11 (0.91-1.36)

…

3

1.14 (0.79-1.65)

73.3%; 0.024

1

0.85 (0.70-1.03)

…

3

0.97 (0.88-1.06)

0%; 0.369

5

0.92 (0.85-1.00)

0%; 0.845

North America

6

1.28 (1.13-1.44)

0%; 0.488

4

1.36 (1.12-1.64)

61.4%; 0.051

6

1.11 (1.06-1.15)

…

1

1.20 (1.01-1.42)

…

2

1.67 (1.16-2.40)

0%; 0.319

5

1.13 (1.02-1.25)

0%; 0.895

2

1.25 (0.94-1.67)

0%; 0.463

Asia

3

1.08 (0.82-1.42)

70%; 0.036

2

1.12 (0.91-1.39)

29.3%; 0.234

0

…

…

0

…

…

1

0.93 (0.67-1.30)

…

2

1.17 (0.98-1.41)

39%; 0.2

1

1.11 (0.91-1.35)

…

Male

3

1.28 (1.06-1.55)

0%; 0.86

1

1.40 (1.07-1.83)

…

1

1.19 (0.94-1.51)

…

0

…

…

1

1.27 (0.65-2.38)

…

1

1.19 (0.85-1.67)

…

0

…

…

Female

0

…

…

1

1.27 (1.05-1.53)

…

2

1.20 (0.95-1.51)

39.5%; 0.199

0

…

…

1

1.89 (1.21-2.89)

…

2

1.16 (1.00-1.35)

0%; 0.61

0

…

…

Mixed

11

1.14 (1.03-1.27)

47.7%; 0.039

6

1.10 (0.97-1.26)

82.4%; <0.01

4

1.10 (1.03-1.16)

0%; 0.879

4

1.14 (0.94-1.44)

71.4%; 0.015

4

1.12 (0.79-1.60)

74%; <0.01

7

1.05 (0.95-1.15)

36.6%; 0.149

8

0.97 (0.89-1.06)

16.3%; 0.301

<1000

2

1.49 (0.91-2.43)

52.8%; 0.146

2

1.32 (0.73-2.38)

95%; <0.01

3

1.12 (1.03-1.21)

7.1%; 0.341

1

1.65 (1.10-2.47)

…

1

1.27 (0.66-2.43)

…

3

1.16 (0.86-1.57)

0%; 0.418

2

1.09 (0.73-1.64)

63.9%; 0.096

1000-5000

11

1.15 (1.04-1.26)

30.8%; 0.153

6

1.13 (0.98-1.30)

70%; <0.01

4

1.10 (1.01-1.19)

0%; 0.775

3

1.05 (0.85-1.29)

64.5%; 0.06

2

1.31 (0.65-2.62)

84.4%; 0.011

0

…

…

6

0.97 (0.87-1.08)

10.6%; 0.348

>5000

1

1.06 (0.91-1.24)

…

0

…

…

0

…

…

0

…

…

1

0.85 (0.70-1.03)

…

7

1.07 (0.99-1.16)

39.7%; 0.127

0

…

…

Cognitively normal

7

1.07 (0.94-1.21)

31%; 0.191

7

1.20 (1.02-1.42)

79.8%; <0.01

2

1.20 (0.95-1.51)

39.5%; 0.199

0

…

…

4

1.12 (0.79-1.60)

74%; <0.01

6

1.10 (1.01-1.19)

17.6%; 0.299

5

1.03 (0.89-1.21)

41.7%; 0.144

Free of dementia

7

1.24 (1.11-1.38)

26.4%; 0.227

1

0.99 (0.97-1.01)

…

5

1.10 (1.04-1.16)

0%; 0.892

4

1.14 (0.94-1.44)

71.4%; 0.015

0

…

…

4

0.99 (0.85-1.17)

29.6%; 0.235

3

0.93 (0.84-1.03)

0%; 0.677

Midlife

0

…

…

0

…

…

0

…

…

1

1.08 (0.69-1.44)

…

0

…

…

0

…

…

1

1.12 (0.66-1.91)

…

Latelife

11

1.15 (1.04-1.28)

50.5%; 0.028

6

1.17 (1.01-1.36)

85.4%; <0.01

6

1.12 (1.03-1.20)

0%; 0.658

3

1.16 (0.87-1.54)

80.9%; <0.01

3

1.24 (0.71-2.16)

82.5%; <0.01

8

1.04 (0.96-1.13)

16.7%; 0.299

5

0.94 (0.85-1.05)

26.5%; 0.245

Mixed

3

1.20 (0.99-1.45)

0%; 0.753

2

1.12 (0.91-1.39)

29.3%; 0.234

1

1.10 (1.02-1.18)

…

0

…

…

1

0.93 (0.67-1.30)

…

0

1.17 (0.98-1.41)

39%; 0.2

2

1.08 (0.91-1.27)

0%; 0.557

< 10y

9

1.18 (1.08-1.29)

9.3%; 0.357

8

1.15 (1.02-1.30)

83%; <0.01

5

1.15 (1.05-1.17)

0%; 0.746

3

1.16 (0.87-1.54)

80.9%; <0.01

3

1.29 (0.80-2.07)

68.8%; 0.04

8

1.09 (1.00-1.20)

30.1%; 0.188

6

1.00 (0.90-1.12)

19.8%; 0.284
0%; 0.393

> 10y

4

1.17 (0.92-1.49)

67.8%; 0.025

0

…

…

2

1.09 (1.02-1.16)

0%; 0.535

1

1.08 (0.69-1.69)

…

1

0.85 (0.70-1.03)

…

2

1.01 (0.91-1.12)

0%; 0.39

2

0.90 (0.78-1.03)

Adjusted
hypnotics

yes

3

1.25 (1.09-1.42)

0%; 0.819

1

1.40 (1.07-1.83)

…

3

1.14 (1.03-1.26)

17.4%; 0.298

2

1.19 (0.67-2.12)

86.4%; <0.01

0

…

…

7

1.09 (1.01-1.18)

7%; 0.374

2

0.93 (0.83-1.03)

0%; 0.576

no

11

1.13 (1.01-1.27)

45.6%; 0.049

7

1.13 (0.99-1.28)

83%; <0.01

4

1.09 (1.00-1.18)

0%; 0.886

2

1.18 (1.01-1.39)

0%; 0.668

4

1.12 (0.79-1.60)

74%; <0.01

3

0.98 (0.81-1.19)

53.5%; 0.117

6

1.03 (0.90-1.18)

29%; 0.218

Adjusted APOE 4
genotype

yes

4

1.23 (1.10-1.37)

0%; 0.868

1

0.91 (0.60-1.39)

…

2

1.11 (1.04-1.18)

0%; 0.638

4

1.14 (0.94-1.44)

71.4%; 0.015

0

…

…

4

1.05 (0.86-1.28)

61.3%; 0.051

4

0.94 (0.85-1.04)

0%; 0.827

no

10

1.13 (1.00-1.29)

48.8%; 0.04

7

1.17 (1.03-1.33)

85.3%; <0.01

5

1.11 (1.02-1.21)

0%; 0.527

0

…

…

4

1.12 (0.79-1.60)

74%; <0.01

6

1.07 (1.00-1.15)

0%; 0.551

4

1.06 (0.87-1.28)

56.2%; 0.077

Adjusted
depression

yes

9

1.13 (1.01-1.25)

36.5%; 0.126

5

1.23 (1.00-1.51)

85%; <0.01

2

1.21 (1.01-1.44)

20.7%; 0.261

2

1.04 (0.79-1.37)

82.1%; 0.018

4

1.12 (0.79-1.60)

74%; <0.01

6

1.03 (0.97-1.10)

3.4%; 0.395

4

1.07 (0.89-1.06)

33.5%; 0.211

no

5

1.25 (1.04-1.52)

50.1%; 0.091

3

1.07 (0.88-1.29)

71.2%; <0.01

5

1.09 (1.03-1.16)

0%; 0.922

2

1.35 (0.89-2.05)

47.1%; 0.169

0

…

…

4

1.24 (1.06-1.44)

0%; 0.513

4

0.93 (0.85-1.01)

0%; 0.76

dementia

5

1.20 (0.97-1.48)

69.1%; 0.012

1

0.93 (0.83-1.04)

…

4

1.11 (1.05-1.17)

0%; 0.418

2

1.33 (0.99-1.79)

51%; 0.153

1

0.85 (0.70-1.03)

…

3

1.02 (0.94-1.11)

0%; 0.208

3

0.92 (0.84-1.01)

0%; 0.606

Outcome

Exposure
Effect estimate
NOS score

AD

0

…

…

0

…

…

2

1.07 (1.01-1.14)

0%; 0.708

1

1.08 (0.69-1.69)

…

0

…

…

0

…

…

1

1.12 (0.64-1.86)

…

cognitive decline

10

1.20 (1.07-1.35)

38.4%; 0.103

7

1.21 (1.03-1.41)

84.7%; <0.01

4

1.16 (1.03-1.30)

0%; 0.59

1

0.91 (0.78-1.06)

…

3

1.29 (0.80-2.07)

68.8%; 0.04

7

1.11 (1.00-1.23)

34.3%; 0.166

5

1.05 (0.91-1.21)

14%; 0.325

categorical

9

1.29 (1.16-1.42)

0%; 0.692

3

1.24 (1.03-1.50)

31%; 0.235

…

…

…

4

1.14 (0.94-1.44)

71.4%; 0.015

0

…

…

6

1.09 (0.94-1.27)

50%; 0.075

4

0.94 (0.85-1.04)

0%; 0.827

continuous

5

1.00 (0.90-1.10)

0%; 0.491

5

1.12 (0.97-1.29)

85.8%; <0.01 …

…

…

0

…

…

4

1.12 (0.79-1.60)

74%; <0.01

4

1.05 (0.97-1.14)

0%; 0.577

4

1.06 (0.87-1.28)

56.2%; 0.077

HR/RR

3

1.07 (0.94-1.27)

38.1%; 0.199

1

0.93 (0.83-1.04)

…

3

1.09 (1.03-1.16)

0%; 0.719

1

1.20 (1.01-1.42)

…

1

0.85 (0.70-1.03)

…

2

1.02 (0.94-1.15)

0%; 0.42

1

0.88 (0.76-1.02)

…

tRR

11

1.20 (1.08-1.35)

32.5%; 0.139

7

1.21 (1.03-1.41)

84.7%; <0.01

4

1.16 (1.06-1.18)

0%; 0.638

3

1.14 (0.79-1.65)

73.3%; 0.024

3

1.29 (0.80-2.07)

68.8%; 0.04

8

1.10 (0.99-1.23)

32.8%; 0.166

7

1.00 (0.91-1.09)

6.8%; 0.376

<7

6

1.19 (1.08-1.32)

0%; 0.537

2

1.10 (0.87-1.40)

85.2%; <0.01

4

1.09 (1.00-1.18)

0%; 0.598

3

1.25 (1.04-1.51)

18%; 0.295

0

…

…

3

1.12 (0.99-1.15)

3.6%; 0.355

2

0.95 (0.85-1.06)

0%; 0.529

≥7

8

1.12 (0.97-1.29)

54.7%; 0.03

6

1.19 (0.98-1.44)

82%; <0.01

3

1.14 (1.03-1.26)

17.4%; 0.298

1

0.91 (0.78-1.06)

…

4

1.12 (0.79-1.60)

74%; <0.01

7

1.06 (0.97-1.16)

33.7%; 0.171

6

1.00 (0.88-1.14)

36.2%; 0.166
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Appendix 6 Comparison between previous SR & MA and the present study
Author &
Year

Dataset

Search
endpoint

MEDLINE,

2014.6

and PsycINFO
Almonde
s, 2016

Kim, 2016

Wu, 2017

Outcome

Studies included

Inconsistency

7 prospective

PUBMED,
Lo, 2016

Exposure

Sleep

cognitive

cohort and 11

duration

disorders

cross-sectional

significant

Embase
PubMed+
Embase

(NOS)

bias

Directness

Imprecision

moderate to

no evidence

mixed outcome

no PI

modest

no

no PI

borderline

mixed outcome

no PI

excellent

studies

study quality is
2015.1

Insomnia

dementia

5 cohort studies

significant

moderate to
excellent

PsycInfo.
PubMed+

Publication

study quality is

PubMed,
Scopus and

Risk of bias

2015.7

Sleep

cognitive

duration

disorders

Sleep
2016.5

duration
(DR)

cognitive
disorders

3 case–control

study quality is

studies and 7

no

cohort studies

moderate to
excellent
study quality is

9 cohorts

no or small

moderate to

no evidence

excellent

mixed but
subgroup

no PI

PubMed,
EMBase, ISI
Shi, 2017

Web of
Science, and

All sleep
2016.12

problems or
disorders

PsycINFO

cognitive

18 longitudinal

disorders

studies

study quality is
significant

moderate to

for AD

mixed exposure

no PI

excellent

databases
27 observational

PubMed,

studies

Embase, Web
Bubu,

of Science,

2017

and the

All sleep
2014.11

problems or
disorders

Cochrane

cognitive
disorders

PubMed,

significant

case–control, and

moderate to

modest

excellent

retrospective/prosp

mixed exposure
and outcome

no PI

ective cohort) and

library
Leng,

study quality is

(cross-sectional,

RCTs
2017.1

Sleep-Disor

cognitive

6 prospective

significant

study quality is

no evidence

mixed outcome

no PI
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EMBASE, and

dered

PsychINFO

Breathing

disorders

cohort studies and

moderate to

9 cross-sectional

excellent

studies
Zhu, 2017

PubMed and
Embase

Sleep-Disor
2017.4

Breathing

PubMed,
Liang,

EMBASE and

2018

Web of

dered

Sleep
2017.1

duration
(DR)

Science

cognitive

6 prospective

disorders

cohort studies

study quality is
significant

moderate to

no evidence

mixed outcome

no PI

yes

mixed outcome

no PI

no

mixed outcome

publication

& subgroup

bias

analyses

excellent

5 prospective
cognitive

cohort studies and

disorders

4 cross-sectional

study quality is
significant

moderate to
excellent

studies

study quality is
deemed
The
present
study

PubMed+
Embase

2019.2

All sleep

cognitive

Low

moderate,

problems

disorders

51 longitudinal

inconsistency

possibly

or

and its

cohort studies

for most

because we

disorders

subtypes

analyses

adopted more

PI was
calculated

rigorous rating
criteria
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