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1 | BACKGROUND

Dementia is a major neurocognitive disorder characterized by pro-
gressive cognitive impairment caused by one or more pathological
processes, distinct from normal physiological aging, leading to impair-
ment of everyday functioning.® There are approximately 55 million
people living with dementia worldwide and, with a rapidly growing
and aging population, the global prevalence of dementia is expected
to increase to 139 million by 2050.2 Despite the recent emergence
of disease-modifying therapies,®* there is no curative treatment. Clin-
ical management, therefore, remains largely focused on addressing
modifiable risk factors to prevent the development and progression of
dementia, and on reducing the burden of symptoms in more advanced
cases.

There are well established yet multifaceted and, in some aspects,
imprecisely defined, associations between sleep disturbances and cog-
nitive impairment across the clinical continuum.>~” Mild cognitive
impairment (MCI) describes a prodromal stage of dementia when,
despite objective evidence of cognitive impairment, independent func-
tioning is preserved.® Studies show that, compared to healthy age-
matched controls, people with MCI experience reduced total sleep
time, sleep efficiency, and duration of rapid eye movement (REM)
sleep, while sleep onset latency (SoL), wakefulness after sleep onset,
and duration of non-REM (NREM) stage one sleep are increased.”10
There is emerging evidence that the causal relationship between sleep
disturbances and dementia may be bi-directional.1112 A recent meta-
analysis of observational studies calculated a population attributable
risk percentage, suggesting that 15% of Alzheimer’s disease may be
attributable to sleep disturbances.” Despite the recent dementia pre-
vention, intervention and care 2024 report of the Lancet Commission,
concluding that further research is needed to clarify the effect of

sleep disturbances on cognitive decline,'® interest is growing in sleep

cognitive impairment.

DISCUSSION: This COS will support researchers to produce more reliable and
coherent trial data to guide the management of sleep disturbances in people with

neurodegenerative cognitive impairment.

Alzheimer’s disease, core outcome set, dementia, mild cognitive impairment, sleep

* Evidence is lacking regarding the treatment of sleep disturbances in people with

* Heterogeneity of reported outcomes in clinical trials limits data synthesis.

* A qualitative analysis established what matters most to people with cognitive
impairment and their caregivers when determining treatment effectiveness.

* A Delphi panel of experts agreed upon a core outcome set.

* This core outcome set will improve the reliability and comparability of data from

as a potential modifiable risk factor for dementia.’21* The Euro-
pean Academy of Neurology Brain Health Strategy, for example, has
included sleep as a determinant of brain health.1®

Sleep disturbances tend to worsen as cognition declines,'® leading
to deteriorating cognitive outcomes?” and quality of life.® Further-
more, relationships with caregivers can become strained,'? sometimes
resulting in sub-optimal careZ® and early institutionalization.?! Sleep
disturbances are therefore an important treatment target throughout
the clinical course of dementia, to potentially slow the progression of
early-stage disease and to reduce the burden of symptoms in more
advanced cases. Despite this, there is a paucity of evidence support-
ing the treatment of sleep disturbances in this population.?2 Systematic
reviews of interventions to improve sleep in people with cognitive
impairment have been limited by small sample sizes with wide het-
erogeneity, both in the manner in which sleep is measured and in the
outcomes reported, limiting data synthesis.2%24

A recent scoping review of the measurement of sleep in people
with MCI and mild dementia found that, after synonymous terms had
been merged, 165 different sleep outcomes were reported across all
included studies.?> Of these, 62 (37.6%) were reported in only one of
the included studies. There was also notable variability in the meth-
ods used to measure sleep. Of the 188 studies included in the review,
131 used subjective measures of sleep such as questionnaires or sleep
diaries. Objective measures were used less frequently, with 88 of the
included studies using polysomnography and 37 using actigraphy. This
heterogeneity, both in the methods used to measure sleep and in the
outcomes reported, limits the comparability of data, precludes data
synthesis, and impedes the development of a robust evidence base to
guide clinical practice.

A core outcome set (COS) is therefore required to improve the
coherence and reliability of data from future clinical trials in this field.
A COS is an agreed standardized set of outcomes that should be
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RESEARCH IN CONTEXT

1. Systematic review: A systematic review of Medline
(Ovid), CINAHL, PsycINFO, and the Cochrane CENTRAL
database revealed that 287 discrete sleep outcomes
were used in previous clinical trials of interventions to
improve sleep in people with mild cognitive impairment
and dementia. Of these, 205 were used in only one of
the studies included in the review. This heterogeneity in
reported outcomes limits the comparability of data, pre-
cluding data synthesis and impeding the development of
arobust evidence base to guide clinical management.

2. Interpretation: After consultation with people living with
cognitive impairment and their caregivers to understand
what matters most to them, a modified Delphi process
involving experts in sleep and cognition identified a core
outcome set that should be reported in future clinical
trials.

3. Future directions: This core outcome set will help ensure
that future clinical trials produce more reliable and coher-
ent data to guide management of sleep disturbances in
people with mild cognitive impairment and dementia.

measured and reported, as a minimum, in all clinical trials in specific
areas of health or health care.2¢ This study involved key stakehold-
ers in the development of a COS for clinical trials of interventions to
improve sleep in people with neurodegenerative cognitive impairment,
across all stages from MCI to severe dementia—the Sleep in Cognitive
Impairment Core Outcome Set (SCICOS).

2 | METHODS

The SCICOS protocol was published in advance?” and registered on the
Core Outcome Measures in Effectiveness Trials (COMET) database,
registration number 3250. The SCICOS was developed in accordance
with the Core Outcome Set—STAndards for Development (COS-
STAD)?¢ and this report adheres to the Core Outcome Set—STAndards
for Reporting (COS-STAR).28 Recommendations from the CO-research
Involvement and Engagement in Dementia (COINED) model?? were
adopted to facilitate participation of people with cognitive impairment.
The SCICOS study involved a multi-stage mixed methods process as
described in the following sections (see Figure 1).

2.1 | Systematic review
The first step in the development of the SCICOS was to conduct
a systematic review to identify all the outcomes that were used in

previous clinical trials of interventions to improve sleep in people
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with cognitive impairment. A detailed protocol for this systematic
review has been published elsewhere®® and was prospectively regis-
tered on the International Prospective Register of Systematic Reviews
(PROSPERO), registration number CRD42024556750. Briefly, Med-
line (Ovid), CINAHL, PsycINFO, and the Cochrane CENTRAL database
were searched from inception to October 3, 2023, for controlled clin-
ical trials of pharmacological and non-pharmacological interventions
to improve sleep in people with cognitive impairment, encompassing
those with MCI and dementia. The study selection process adhered
to the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.3? Outcomes were initially extracted
verbatim from included studies. Subsequently, synonymous or similar

outcomes were merged by consensus of the primary project team.

2.2 | Qualitative interviews

Qualitative semi-structured interviews were conducted with people
living with cognitive impairment and co-morbid sleep disturbance,
and/or their caregivers, to ascertain what matters most to them when
determining the effectiveness of an intervention to improve sleep.
In recent years, there has been growing recognition of the impor-
tance of involving people with dementia in relevant research.32 When
developing a COS, it is considered vital to include people with lived
experience of the relevant condition, as they may indicate additional
outcomes of importance or emphasize different priorities compared
to those suggested by clinicians or researchers.®® Purposive sampling
was used to garner opinions from people living with varying degrees
of cognitive impairment,3* as assessed by a consultant physician in
geriatric medicine, with the severity of cognitive decline expressed
according to the Reisberg Functional Assessment Staging Tool (FAST)
criteria.®®> Participants were drawn from two sources: (1) patients
attending memory clinics at the Mercy University Hospital in Cork,
Ireland, and (2) the Patient and Public Involvement (PPI) panels of
Dementia Trials Ireland, a Clinical Trials Network funded by the
Health Research Board of Ireland. Prior informed written consent was
obtained from all participants. A bespoke interview topic guide was
used (see protocol).?” Interviews were audio-recorded and transcribed
verbatim. As in similar COS development studies,3¢ the reflexive the-
matic analysis approach espoused by Braun and Clarke®” was adapted
to produce a framework of outcomes deemed important to people
living with cognitive impairment and their caregivers. Inductive open
coding was used initially to identify outcomes. Codes with equiva-
lent semantic meanings were merged and grouped into higher level
themes. Finally, a deductive approach was taken, and codes were com-
pared to outcomes identified by the systematic review undertaken in

step 1.

2.3 | Collation and rationalization of outcomes

Sleep outcomes identified in the systematic review (in step 1 above)

were combined with additional outcomes identified by the qualitative
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1. Systematic Review

* Extraction of outcomes reported in clinical trials of interventions to improve sleep in people with cognitive impairment

o

of interventions to improve sleep
2. Qualitative
Interviews

« |dentification of what matters most to people living with cognitive impairment and their caregivers when evaluating the effectiveness

=

3. Collation
&

Rationalisation

4a, Delphi Process -
Rounds 1 & 2

4b. Delphi Process - agreed that it should be included

Final Round

J
N
* Collation of outcomes identified in steps 1 and 2 to produce a preliminary 'long list' of outcomes
* Rationalisation of the 'long list' of outcomes by:
. bining synony or similar
* excluding outcomes that were used infrequently in previous clinical trials
A
N
* Consideration of remaining outcomes in a modified Delphi process involving three rounds
* An outcome qualified for consideration in the third and final round of the Delphi process if, in either of the first two rounds:
* over 70% of all participants agreed that it is very important and less than 15% opined that it is not particularly important, or
* over 90% of participants from any one stakeholder group agreed that it is very important
P 4
~N

* Consideration of remaining outcomes in the third and final round of the Delphi process
* An outcome was included in the SCICOS if over 70% of participants, including at least one participant from each stakeholder group,

J

* Publication and dissemination of the SCICOS

FIGURE 1

interviews (in step 2 above), and rationalized according to the following
process to produce the preliminary list of outcomes that were included
in the modified Delphi process described in step 4 below:

1. As noted in the background section, a previous scoping review of
the measurement of sleep in people with MCI and mild dementia
revealed that many outcomes were used in only one study.?> As any
outcome that is used so infrequently is unlikely to be considered
of core importance, the following outcomes were excluded from
further consideration in accordance with the previously published
protocol:2”

a. Outcomes that appeared in only one of the trials included in the
systematic review mentioned in step 1 above, and

b. Outcomes that were applied to < 1% of the total number of par-
ticipants involved in all trials included in the systematic review
mentioned in step 1 above.

2. Outcomes that involved the total score or a sub-score of a question-
naire were excluded.

3. The following outcomes were then added:

a. Non-sleep outcomes identified by the systematic review

described in step 1 above

Flowchart for the SCICOS study design. SCICOS, Sleep in Cognitive Impairment Core Outcome Set.

b. Additional outcomes identified by the qualitative interviews
described in step 2 above.

4. Remaining outcomes were rationalized by consensus among the

primary project team. Similar outcomes were merged to form the

initial list of outcomes that was included in the first round Delphi

survey.

2.4 | Modified Delphi process

A Delphi process is commonly used to achieve consensus when devel-
oping a COS.3% While multiple variations of the Delphi method have
been reported in the literature, a Delphi process always involves sev-
eral survey rounds in which participants are asked to score or rank a
list of items, while receiving feedback on the scores of their peers in
previous rounds.3? A modified Delphi process involving three survey
rounds was used to achieve consensus regarding the outcomes that
should be included in the SCICOS. While there is no agreement on the
ideal sample size for a Delphi,®® we aimed to include sufficient lay and
professional participants to ensure comprehensive representation of

different perspectives at all stages of the process.38
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2.4.1 | Professional participants

Internationally recognized experts in sleep and cognition were invited
to participate. Experts were identified through their authorship of
papers included in the systematic review mentioned in step 1 above,
or through their authorship of other important and relevant sci-
entific papers. The Delphi surveys were distributed to professional
participants using Google Forms (Alphabet Inc.).

2.4.2 | Lay participants

Lay participants comprised people living with cognitive impairment
(MCl or dementia) and co-morbid sleep disturbance, and/or their care-
givers. Lay participants were recruited from the same PPI panel of
Dementia Trials Ireland and from patients attending memory clinics
at the Mercy University Hospital in Cork, Ireland. Some research has
suggested that the Delphi method may be unsuitable for people with
dementia®C as their attention levels, ability to understand and retain
new information, and judgment are limited by their condition.*~*3 This
may be the reason why several previous Delphis concerning differ-
ent aspects of dementia care did not include people with dementia
in their panels.***> As detailed in the protocol,?” several adapta-
tions were made to facilitate participation of people with cognitive
impairment in the modified Delphi process to develop the SCICOS,
including:

¢ Each outcome incorporated in the Delphi surveys was accompanied
by an “accessible statement,” which is a simple, clear, and concise
description of the outcome in plain non-technical language.*®

* As previous research demonstrated that Likert scales with five
or more points are unsuccessful in people with dementia,*® a
three-point scale was used instead: “not particularly important,”
“important but not critical,” and “very important.”*”

* Paper-based researcher-supported Delphi surveys were used for
all lay participants. A researcher-supported survey involves a
researcher supporting the participation of the person living with

cognitive impairment by helping them to complete the survey.*”

Nevertheless, perhaps due to the technical nature of many of the
sleep-related outcomes included, we found that lay participants had
difficulty completing the Delphi surveys. As one participant with MCI
succinctly remarked: “I think most of that (survey) was beyond the
understanding of the ordinary person.” It was therefore decided to
include only a representative sample of lay participants in the Del-
phi panel, including: two participants with MCI, two participants with
mild dementia, and two caregivers for people with more advanced
dementia. Similar to previous COS development studies,*® modifying
the Delphi process in this way was deemed acceptable as the opin-
ions of lay stakeholders had already been garnered in the qualitative
interviews in step 2. Qualitative interviews are considered an effective
way to obtain the perspectives of patients and caregivers,*? particu-
larly as a means of informing the design of a Delphi survey for COS

THE JOURNAL OF THE ALZHEIMER’'S ASSOCIATION

development,”® and have been used in this manner in previous COS
development studies involving people with dementia.3¢48

2.4.3 | Delphi process and consensus criteria

The modified Delphi process consisted of three rounds of surveys in
total. In the first round, participants were asked to rate the importance
of each of the outcomes included in the survey before being invited
to suggest any additional outcomes that they felt should be included.
Additional outcomes suggested in this manner were included for con-
sideration in the second-round survey. Furthermore, prior to rating
each outcome in the second round, participants were informed how
the outcome had been rated, on average, by all participants in the first
round.

In line with the Grading of Recommendations, Assessment, Devel-
opment, and Evaluation (GRADE) guidelines, professional participants
were asked to rate the importance of each outcome on a 9 point Lik-
ert scale.®® Subsequently, to align with the scores of lay participants
(see section 2.4.2), scores from 1 to 3 were defined as “not particu-
larly important,” scores from 4 to 6 were defined as “important but not
critical,” and scores from 7 to 9 were defined as “very important.”*’
An outcome qualified for consideration in the third and final Delphi

survey round if, in either of the first two Delphi survey rounds:

* Atleast 70% of all participants regarded it as “very important” and <
15% of participants regarded it as “not particularly important,” or

* At least 90% of participants from one stakeholder group regarded it
as “very important.”

In an alteration to the protocol,?” it was decided to disseminate a
third Delphi survey round instead of hosting a final consensus meet-
ing to facilitate ongoing participation of experts from around the world.
In the third Delphi survey round, each outcome that qualified from
the first two rounds was considered in turn. Participants were given
a binary choice whether to include the outcome in the SCICOS. An
outcome was included in the SCICOS if at least 70% of participants,
including at least one participant from each stakeholder group, voted

in favor of its inclusion in the SCICOS.

2.4.4 | Practical considerations

During the Delphi process, professional participants were also invited
to give their opinion on certain ancillary matters pertaining to the
practical application of the SCICOS, including the most appropriate
method of measuring the included outcomes. It is important to stan-
dardize the methods of measuring outcomes in this way because
otherwise, despite the development of a COS, evidence synthesis
would remain impeded by incomparable scores from different mea-
surement instruments.”2 With respect to the outcomes included in
the SCICOS, professional participants in the Delphi process were pro-

vided with a list of the measurement tools most frequently used in the
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clinical trials included in the systematic review mentioned in step 1
above before being asked to select their preferred option.

3 | RESULTS

3.1 | Systematic review

The full report of the systematic review is published elsewhere.>® In
summary, 287 sleep outcomes were identified in 144 clinical trials
involving 13,471 participants. Of these 287 outcomes, 205 were used
in only one trial and were therefore excluded from further consid-
eration in accordance with the protocol, leaving 82 sleep outcomes
remaining. In addition to the aforementioned sleep outcomes, the fol-
lowing non-sleep outcomes were also reported in at least 10 of the

trials included in the systematic review:

» Cognition (75/144 trials)

* Behavioral disturbance (55/144 trials)
* Mood (48/144 trials)

* Functional ability (31/144 trials)

» Caregiver burden (19/144 trials)

* Quality of life (12/144 trials)

* Physical activity (10/144 trials)

3.2 | Qualitative interviews
In all, 20 separate interviews were conducted among lay stakeholders,
including:

* 9 participants with MCl, 2 of whom had a caregiver present

e 7 participants with mild dementia, 5 of whom had a caregiver
present

* 2 participants with moderate dementia, both of whom had a care-
giver present

* 2 caregivers of people with severe dementia

The stated aim of the interviews was to ascertain what matters most
to people living with cognitive impairment and their caregivers when
determining the effectiveness of an intervention to improve their sleep.
The outcomes that featured most prominently in the qualitative anal-
ysis are displayed in Table 1, along with representative quotations for

illustration.

3.3 | Collation and rationalization of outcomes
The process of collating and rationalizing the identified outcomes to
produce the list of 49 outcomes that were included in the first round

Delphi survey is detailed in Table 2.

TABLE 1 Outcomes that featured most prominently in the
qualitative interviews with lay stakeholders.

Night-time

Total sleep time

* “l crave getting more sleep”

e “...if you could get 4-6 hours of sleep”

Wakefulness after sleep onset

* “Itisthe lack of consecutive sleep, the inability to get back to
sleep after waking up”

* “that | would be able to stay asleep for the night”

« “afull night’s sleep with no interruptions”

* “Evenif you don’t sleep too much, to get a block of uninterrupted
sleep would be great”

Sleep onset latency

* “l'would love to go to bed and get to sleep quicker, and then stay
asleep”

* “If | could get to sleep quicker”

Subjective sleep quality

* “How you feel after the night’s sleep is important”

* “l'would like to get a better quality of sleep”

* “the quality of my sleep is definitely not the same as it used to be,
so it would be great to improve it”

Daytime

Daytime sleepiness & ability to function

e “It would be important to avoid drowsiness”

* “that it wouldn’t make him a zombie during the day”

* “I'd have more energy to get up and do things in the morning”

* “how you feel during the day, your energy levels, your ability to
function”

Circadian rhythm & timing of sleep

* “I'd like to get a more regular sleeping pattern”

* “I’'mout of sync with society. Most people have half a day’s work
done by the time I’'m out of bed”

« “If Iwake up late, | wouldn’t be bothered doing things”

e “lwake too early”

* “lwake very early, no matter what hour | go to bed”

Cognition

* “ldescribe being tired as my enemy. When I'm tired, any difficulty
| have increases”

* “It affects my concentration”

* “If | get a bad night’s sleep, | get a brain fog”

Mood

* “If you wake feeling good, you’re much more inclined to feel
positive”

* “Just improving my sleep, maybe that might improve my mood as
well”

3.3.1 | Modified Delphi process

In total, there were 47 participants in the modified Delphi process.
This included 41 professionals in addition to the six lay participants
already described in section 2.4.2. The 41 professional participants
included internationally recognized experts in sleep and cognition (See
Supplementary Material in supporting information). All 47 participants
completed the first-round Delphi survey. After the first round, 13 out-
comes met consensus criteria to qualify for consideration in the third
and final round. Accordingly, these were not considered again in the
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TABLE 2 Collation and rationalization of outcomes to formulate the list of outcomes that were included in the first round Delphi survey.

Step 1

Outcomes/ outcome
measures remaining
following removal of those
that appeared in only one
trial identified by
systematic review

(n=82)

Pittsburgh Sleep Quality
Index

Epworth Sleepiness Scale

Neuropsychiatric Inventory
(sleep domain)

Sleep Disorders inventory
BEHAVE-AD
Insomnia Severity Index

Parkinson’s Disease Sleep
Scale

Number of REM bouts

REM Sleep Behaviour
Disorder

R-squared (cosinor)
AHI

Mean oxygen saturation

Beta power
Delta power
Theta power
Salivary cortisol
TST

NTST

DTST
DTST/NTST

Mean duration of sleep
bouts

Night mean duration of
sleep bouts

Peak duration of sleep bouts

Night peak duration of sleep
bouts

Number of wake bouts

Step 2

Outcomes
remaining
following removal
of total scores and
sub-scores of
questionnaires

(h=75)

Number of REM
bouts

REM Sleep

Behaviour Disorder

R-squared (cosinor)

AHI

Mean oxygen
saturation

Beta power
Delta power
Theta power
Salivary cortisol
TST

NTST

DTST
DTST/NTST

Mean duration of
sleep bouts

Night mean
duration of sleep
bouts

Peak duration of
sleep bouts

Night peak duration

of sleep bouts

NNA

Number of wake
bouts

Step 3

Outcomes remaining
following removal of
those used with <1% of
the total participants in
all trials included in the
systematic review

(n=58)

TST

NTST

DTST
DTST/NTST

Mean duration of sleep
bouts

Night mean duration of
sleep bouts

Peak duration of sleep
bouts

Night peak duration of
sleep bouts

Number of wake bouts

Step 4

Outcomes remaining
following addition of

non-sleep outcomes from the

systematic review and

additional outcomes identified

by qualitative interviews
(n=66)

TST

NTST

DTST
DTST/NTST

Mean duration of sleep bouts

Night mean duration of sleep
bouts

Peak duration of sleep bouts

Night peak duration of sleep
bouts

Number of wake bouts

Step 5

Outcomes remaining
following the
rationalisation of
outcomes to
formulate first
round Delphi survey

(n=49)

TST

DTST/NTST

Mean duration of
sleep bouts

Peak duration of
sleep bouts

(Continues)
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TABLE 2 (Continued)
Step 1
Outcomes/ outcome

measures remaining
following removal of those
that appeared in only one
trial identified by
systematic review

(n=82)

Number of wakes
associated with noise

Mean duration of night-time
awakenings

NTWT

DTWT

Amplitude

Acrophase

NTIB

DTIB

DTIB (% observations)

Sleep efficiency
Night % sleep

Night % awake

SolL

REM latency

NREM1 latency
NREM2 latency
Night-time step count

Night-time activity count

Mean activity count
Arousal Index
Number of arousals

Sleep Fragmentation Index

Sleep quality

Early morning awakening

L5

L5 onset

M10

M10 onset
Relative amplitude
Number of naps

Duration of naps

Step 2

Outcomes
remaining
following removal
of total scores and
sub-scores of
questionnaires

(n=75)

Number of wakes
associated with
noise

Mean duration of
night-time
awakenings

NTWT
DTWT
Amplitude
Acrophase
NTIB
DTIB

DTIB (%
observations)

Sleep efficiency
Night % sleep
Night % awake
SolL

REM latency
NREM1 latency
NREM2 latency

Night-time step
count

Night-time activity
count

Mean activity count
Arousal Index
Number of arousals

Sleep
Fragmentation
Index

Sleep quality

Early morning
awakening

L5

L5 onset

M10

M10 onset
Relative amplitude
Number of naps

Duration of naps

CROWLEY ET AL.

Step 3

Outcomes remaining
following removal of
those used with <1% of
the total participants in
all trials included in the
systematic review

(n=58)

Number of wakes
associated with noise

Mean duration of
night-time awakenings

NTWT

DTWT

Amplitude

Acrophase

NTIB

DTIB

DTIB (% observations)

Sleep efficiency
Night % sleep
Night % awake
SoL

REM latency

Night-time step count

Night-time activity count

Arousal Index
Number of arousals

Sleep Fragmentation
Index

Sleep quality

Early morning awakening

L5

L5 onset

M10

M10 onset
Relative amplitude
Number of naps

Duration of naps

Step 4

Outcomes remaining
following addition of
non-sleep outcomes from the
systematic review and

additional outcomes identified

by qualitative interviews
(n=66)

Number of wakes associated
with noise

Mean duration of night-time
awakenings

NTWT

DTWT

Amplitude

Acrophase

NTIB

DTIB

DTIB (% observations)

Sleep efficiency
Night % sleep
Night % awake
SoL

REM latency

Night-time step count

Night-time activity count

Arousal Index
Number of arousals

Sleep Fragmentation Index

Sleep quality

Early morning awakening

L5

L5 onset

M10

M10 onset
Relative amplitude
Number of naps

Duration of naps

Step 5

Outcomes remaining
following the
rationalisation of
outcomes to
formulate first

round Delphi survey

(n=49)

Mean duration of
night-time
awakenings

TWT

Amplitude
Acrophase

TIB

Sleep efficiency

SolL
REM latency

Night-time
restlessness

Arousal Index
Number of arousals

Sleep Fragmentation
Index

Sleep quality

Early morning
awakening

L5

L5 onset

M10

M10 onset
Relative amplitude
Number of naps
Duration of naps

(Continues)
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TABLE 2 (Continued)

Step 1

Outcomes/ outcome
measures remaining

following removal of those

that appeared in only one
trial identified by
systematic review

(n=82)
Daytime % sleep

Daytime sleep (%
observations)

MESOR

Sleep onset time
Mid-sleep time
Sleep end time
Bedtime

Rising time
F-statistic

Sleep disturbance

Use of sleep medications

Daytime dysfunction

% REM

% NREM1
%NREM2
%NREM3
%NREM4
%SWS

REM duration

NREM duration
NREM1 duration
NREM2 duration

Step 2

Outcomes
remaining
following removal
of total scores and
sub-scores of
questionnaires

(n=75)
Daytime % sleep

Daytime sleep (%
observations)

MESOR

Sleep onset time
Mid-sleep time
Sleep end time
Bedtime

Rising time
F-statistic

Sleep disturbance

Use of sleep
medications

Daytime
dysfunction

% REM

% NREM1
%NREM2
%NREM3
%NREM4
%SWS

REM duration

NREM duration
NREM1 duration
NREM2 duration

Step 3

Outcomes remaining
following removal of
those used with <1% of
the total participants in
all trials included in the
systematic review

(n=58)
Daytime % sleep

Daytime sleep (%
observations)

MESOR

Sleep onset time

Sleep end time
Bedtime

Rising time
F-statistic

Sleep disturbance

Use of sleep medications

Daytime dysfunction

% REM

% NREM1
%NREM2
%NREM3

REM duration

NREM duration

Step 4

Outcomes remaining
following addition of
non-sleep outcomes from the
systematic review and
additional outcomes identified
by qualitative interviews

(n=66)
Daytime % sleep

Daytime sleep (%
observations)

MESOR

Sleep onset time

Sleep end time
Bedtime

Rising time
F-statistic

Sleep disturbance

Use of sleep medications

Daytime dysfunction

% REM

% NREM1
%NREM2
%NREM3

REM duration

NREM duration

Measure of daytime sleepiness

Measure of cognition
Measure of mood

Measure of behavioural
disturbance

Measure of functional ability

Measure of daytime physical
activity

Step 5

Outcomes remaining
following the
rationalisation of
outcomes to
formulate first

round Delphi survey

(n=49)

Percentage time
spent asleep during
the day

MESOR

Sleep onset time

Sleep end time
Bedtime

Rising time
F-statistic

Sleep disturbance

Use of sleep
medications

Daytime dysfunction

% sleep spent in
different stages

Duration of different
sleep stages

Measure of daytime
sleepiness

Measure of cognition
Measure of mood

Measure of
behavioural
disturbance

Measure of
functional ability

Measure of daytime
physical activity

(Continues)
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TABLE 2 (Continued)
Step 1 Step 2 Step 3 Step 4 Step 5
Outcomes/ outcome Outcomes Outcomes remaining Outcomes remaining Outcomes remaining
measures remaining remaining following removal of following addition of following the

following removal of those
that appeared in only one
trial identified by
systematic review

(n=82)

following removal
of total scores and
sub-scores of
questionnaires

(n=75) (n=58)

those used with <1% of
the total participants in
all trials included in the
systematic review

rationalisation of
outcomes to
formulate first
round Delphi survey

(n=49)

non-sleep outcomes from the
systematic review and
additional outcomes identified
by qualitative interviews

(n=66)

Measure of quality of
life

Measure of quality of life

Measure of caregiver
burden

Measure of caregiver burden

Abbreviations: AHI, Apnoea-Hypopnoea Index; DTIB, Daytime TIB; DTST, daytime total sleep time; DTWT, daytime TWT; IS, inter-daily stability; IV, intra-
daily variability; L5, least active five hour period; M10, most active 10 hour period; MESOR, Midline Estimated Statistic of Rhythm; NNA, number of night-time
awakenings; NTIB, night-time TIB; NTST, night-time total sleep time; NTWT, night-time TWT; SoL, sleep onset latency; TIB, time in bed; TST, total sleep time;

TWT, total wake time; WASO, wakefulness after sleep onset.

second round. The second-round survey included 16 additional out-
comes that were suggested for consideration by respondents to the
first survey. In all, 46 participants completed the second-round sur-
vey, including a 100% response rate from professional participants.
After the second round, two further outcomes met consensus criteria
to qualify for consideration in the third and final round. The results of
the first- and second-round surveys are detailed in Table 3.

After rounds one and two of the modified Delphi process, a total
of 15 outcomes met consensus criteria to qualify for consideration in
the third and final round. There were 44 participants in this third and
final round, representing a response rate of 93.6% (comprising 95.1%
of professional and 83.3% of lay participants). After the third and final
round, nine outcomes met consensus criteria for inclusion in the SCI-
COS. These were: (1) total sleep time (TST), which measures the total
duration of sleep in a defined period of time; (2) sleep onset latency
(SoL), which measures the time taken to fall asleep after beginning to
try to fall asleep; (3) wakefulness after sleep onset (WASO), which mea-
sures the total duration of time spent awake overnight after first falling
asleep for the night; (4) number of night-time awakenings (NNA), which
measures the amount of times a person wakes up during the night; (5)
sleep efficiency, which measures the percentage of total time in bed
actually spent asleep; (6) sleep quality, which measures the subjective
perception of the quality of sleep; (7) a measure of daytime sleepiness;
(8) a measure of cognition; and (9) a measure of mood. The results of
the third round are detailed in Table 4.

3.3.2 | Practical considerations

During the modified Delphi process, professional participants were
asked to provide their opinion on matters relating to the practical
implementation of the SCICOS. The majority (60.98%) felt that the bat-
tery of assessments comprising the SCICOS should take between 16
and 45 minutes to administer, with 31.71% indicating that assessments
should take 16 to 30 minutes and 29.27% saying they should take

31 to 45 minutes. A plurality (41.5%) recommended that sleep should
be assessed over a minimum period of 7 days. Most (76.92%) agreed
that TST, SoL, WASO, NNA, and sleep efficiency should be measured
using both subjective and objective measurement tools. Regarding
TST, the majority (75.6%) recommended that both the total night-time
sleep and the total duration of sleep over the 24-hour day should
be reported. Most (56.41%) also recommended that subjective sleep
quality should be measured using a single Likert-type question in the
following manner: “How would you rate the quality of your sleep? Very
good/ good/ average/ poor/ very poor.” Regarding the measurement of
daytime sleepiness, while many reservations were expressed about the
appropriateness of the Epworth Sleepiness Scale among this popula-
tion, the majority (70.73%) recommended its use for this purpose. Most
(56.1%) recommended that the Geriatric Depression Scale should be
used to measure mood. Finally, opinions were quite divided regard-
ing whether cognition should be assessed using only a short cognitive
screening instrument, or a more comprehensive assessment tool, or
both. A plurality (39.02%) felt that only a short cognitive screening
instrument was required. Meanwhile, 26.83% felt that a more com-
prehensive cognitive assessment should be used, while the remaining
31.15% recommended that both be administered. A majority (65.85%)
felt that the Montreal Cognitive Assessment (MoCA) is the most appro-
priate short cognitive screening instrument to use while, if a more
comprehensive cognitive assessment is undertaken, a plurality (43.9%)
recommended that the Alzheimer’s Disease Assessment Scale Cogni-
tive subscale (ADAS-Cog) be used. The final composition of the SCICOS
is setout in Table 5.

4 | DISCUSSION

In recent years, there has been a marked increase in research focusing
on sleep disturbances among people with cognitive impairment.142>
This trend reflects the rising burden of dementia? and the growing
preponderance of evidence implicating sleep disturbances not just in
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TABLE 3 Results of first and second round Delphi surveys. Outcomes that met consensus criteria to qualify for consideration in the third and
final round are highlighted in green.

Round one Round two

Not Important, Not Important,

particularly but not Very particularly but not Very

important critical important important critical important
Outcomes (%) (%) (%) (%) (%) (%)

ST et sst soss
DTST/NTST 21.28 31.91 46.81 8.70 54.35 36.95
Mean duration of sleep episodes 21.28 42.55 36.17 13.04 67.39 19.57
Peak duration of sleep episodes 14.89 55887 29.79 13.04 63.05 23.91
IS 4.26 34.04 61.70 4.35 32.61 63.04
\Y 10.64 42.55 46.81 6.52 52.13 41.30
Mean duration of night-time awakenings 10.64 38.30 51.06 6.52 50 43.48
TWT 17.02 38.30 44.68 10.87 54.35 34.78
Amplitude 12.76 38.30 48.94 6.52 58.70 34.78
Acrophase 19.15 42.55 38.30 13.04 65.22 43.48
TIB 14.89 3191 53.19 4.35 45.65 50
REM latency 21.28 51.06 27.66 15.22 60.87 2391
Night-time restlessness 21.28 36.17 42.55 15.22 58.69 26.09
Arousal Index 6.38 40.43 53.19 6.52 43.48 50
Number of arousals 12.77 42.55 44.68 13.04 50 36.96
Sleep Fragmentation Index 6.38 34.04 59.58 6.52 36.96 56.52
CSepqualty  s® w2 766

Early morning awakening 14.89 42.55 42.55 6.52 58.70 34.78
L5 36.17 36.17 27.66 2174 67.39 10.87
L5 onset 36.17 36.17 27.66 26.09 60.87 13.04
M10 25.53 46.81 27.66 17.39 71.74 10.87
M10 onset 34.04 40.43 25.53 26.09 63.04 10.87
Relative amplitude 27.66 42.55 29.79 19.57 60.87 19.57
Number of naps 8.51 23.40 68.09 0 36.96 63.04
Duration of naps 6.38 27.66 65.96 4.35 36.96 58.70
Percentage of time spent asleep during the day 4.25 29.79 65.96 2.17 32.61 65.22
MESOR 19.15 55.32 25.53 15.22 71.74 13.04
Sleep onset time 851 3191 59.58 217 43.48 54.35
Sleep end time 851 36.17 55.32 4.35 36.96 58.70
Bedtime 851 38.30 53.19 6.52 43.48 50
Rising time 851 40.43 51.06 6.52 47.83 45.65
F-statistic 12.77 44.68 42.55 13.04 50 36.96
Sleep disturbance 10.64 27.66 61.70 6.52 28.26 65.22

(Continues)
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TABLE 3 (Continued)

Round one Round two

Not Important, Not Important,

particularly but not Very particularly but not Very

important critical important important critical important
Outcomes (%) (%) (%) (%) (%) (%)
Percentage of sleep spent in different sleep 6.38 42.55 51.06 4.35 52.17 43.48
stages
Duration of different sleep stages 6.38 48.94 44.68 6.52 54.35 39.13
Measure of behavioral disturbance 6.38 25.53 68.08 2.17 30.44 67.39
Measure of physical activity during the day 4.65 39.53 55.81 4.88 46.34 48.78

NREM sleep spindles

Sleep-dependent memory consolidation
Dreams/nightmares

Night-time confusion

Screening for primary sleep disorders
Cortisol

Wake feeling refreshed

Measure of daytime fatigue/energy levels
Falls

Bodyweight

Timing of naps

Night-to-night variability in sleep/wake times
Time of lights out

Measure of sleep self-efficacy

Time to institutionalization

10.87 34.78 54.35
13.04 47.83 39.13
13.04 67.39 19.57
10.87 52.17 36.96
217 28.26 69.57
34.78 54.35 10.87
4.35 41.30 54.35
6.52 34.78 58.70
10.87 30.43 58.70
21.74 58.69 19.57
6.52 67.39 26.09
8.70 45.65 45.65
8.70 45.65 45.65
8.70 56.52 34.78
21.74 30.43 47.83

Abbreviations: DTST, daytime total sleep time; IS, inter-daily stability; IV, intra-daily variability; L5, least active 5 hour period; M10, most active 10 hour period;
MESOR, midline estimated statistic of rhythm; NNA, number of night-time awakenings; NREM, non-rapid eye movement; NTST, night-time total sleep time;
REM, rapid eye movement; SolL, sleep onset latency; TIB, time in bed; TST, total sleep time; TWT, total wake time; WASO, wakefulness after sleep onset.

its symptomatology but also, potentially, in its pathophysiology.1 154 A

panel of sleep experts recently concluded that the three highest pri-
orities for future research in the field of sleep and circadian rhythms
in the context of aging and dementia involve developing the evidence
base for interventions to improve sleep in people with, or at risk of
developing, cognitive impairment.®> Unfortunately, most of the clini-
cal trials that have been conducted in this field heretofore have been
limited by small sample sizes.2324 The synthesis of data from these
trials has been limited in turn by wide heterogeneity in the outcomes
reported,?® precluding meta-analysis?® and impeding the development
of a robust evidence base. The SCICOS answers the previously rec-
ognized need for a COS%> by recommending nine core outcomes that
should, insofar as practicable, be reported in all future clinical trials of

interventions to improve sleep in people with MCl and dementia. These
core outcome measures are: TST; SoL; WASO; NNA,; sleep efficiency;
subjective sleep quality; and measures of daytime sleepiness, cognition,
and mood.

The SCICOS was underpinned by a comprehensive systematic
review that identified all the outcomes used in previous clinical tri-
als of both pharmacological and non-pharmacological interventions to
improve sleep in people with cognitive impairment.>3 The involvement
of lay stakeholders ensured that the SCICOS was directly informed by
what matters most to people living with cognitive impairment and their
caregivers. It is recognized as a limitation of the SCICOS that the rel-
atively small sample of lay stakeholders, particularly those with more
advanced dementia, may have resulted in the inadvertent oversight
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TABLE 4 Results of the third and final round Delphi survey.
Outcomes that met consensus criteria for inclusion in SCICOS are
shaded in green.

Yes, include No, exclude

Outcomes (%) (%)

NREM slow wave activity 54.55 4545

68.18
68.18

31.82
31.82

Daytime dysfunction

Use of sleep medication

Measure of functional ability 63.64 36.36
Measure of quality of life 68.18 31.82
Measure of caregiver burden 59.09 40.91

Abbreviations: NNA, number of night-time awakenings; NREM, non-rapid
eye movement; SCICOS, Sleep in Cognitive Impairment Core Outcome; SoL,
sleep onset latency; TST, total sleep time; WASO, wakefulness after sleep
onset.

or omission of important outcomes. For example, while the topic of
WASO frequently arose during the qualitative interviews, there was
limited discussion of the behavioral disturbances (such as night-time
wandering) that may result therefrom for people with more advanced
dementia. Out of practical necessity, recruitment of lay stakeholders
was restricted to Ireland, which may also have introduced a bias, as
the level of importance attributed to sleep outcomes may vary across
different regions and cultures.’® Furthermore, although efforts were
made to include a wide range of professional expertise from cultur-
ally diverse regions in the modified Delphi panel, the findings primarily
reflect perspectives from a limited number of geographical areas, with
the majority coming from Europe, North America, and Australia. Nev-
ertheless, the Delphi panel included pre-eminent experts in sleep and
cognition from six different continents, with minimal attrition across
the three rounds of the process, helping to ensure global generaliz-
ability, credibility, and relevance. It is recognized as a limitation that
the Delphi process did not include a final consensus meeting. This was
largely a practical solution to avoid attrition bias by facilitating the
participation of experts from incompatible time zones. While a final
consensus meeting is recommended,3® there are some other advan-
tages to our approach, as it has been suggested that dominant voices
can exert undue influence on face-to-face meetings.’” Furthermore, in
previous studies, people with cognitive impairment found it difficult to
attend consensus meetings.*®

Sleep is complex and multi-dimensional, and is thus measurable

across many different levels and aspects.>® Furthermore, in addition to
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measuring sleep per se, it is important to consider the many ways in
which sleep affects other aspects of health and well-being.”?¢ Given
this complexity, it is recognized that the suitability of outcomes may
vary widely depending on the context and objectives of a particu-
lar clinical trial. For example, efficacy studies (usually involving small,
well-defined samples) and effectiveness studies (usually involving large
community samples in routine practice settings) may require differ-
ent outcomes.®! Rather than being prescriptive, therefore, the SCICOS
recommends a core set of outcomes that should be reported insofar as
practicable.

The outcomes included in the SCICOS arguably encompass the most
important aspects of sleep, thereby providing a meaningful overview
of sleep-related health. It should be possible to complete the SCICOS
assessments within the recommended 16 to 45 minute timeframe,
which is important because it is recognized that the participation
of people with dementia in research is affected by the time com-
mitment involved.%? All outcomes that were identified as being of
paramount importance by lay stakeholders in the qualitative inter-
views are included in the SCICOS, except for outcomes relating to
circadian rhythm and the timing of sleep. This is recognized as a limita-
tion of the SCICOS, and future clinical trials should consider including
outcomes relating to circadian rhythm and the timing of sleep, if
appropriate.

The SCICOS insures against the well-recognized discrepancy
between subjective and objective measures of sleep®® by recommend-
ing that both be measured, when possible. Indeed, this will provide
further opportunities to explore the reasons for the discrepancy. The
subjective self-perception of sleep quality and duration is undoubt-
edly prone to recall bias, particularly among people with cognitive
impairment.®#%> It may, therefore, be preferable to rely on objective
measures or on observer/informant reports, particularly in relation
to people with more advanced cognitive impairment. While proxy
caregiver reports are also prone to sleep misperception,?° systematic
behavioral observations of sleep undertaken by trained researchers
in institutional settings®® have demonstrated excellent inter-rater
reliability in previous clinical trials.®” Studies demonstrating the dis-
crepancy between subjective and objective measures of sleep in older
people have suggested that both are important as they measure differ-
ent aspects of sleep.?® Healthy sleep is multi-dimensional,’® and the
subjective perception of sleep may convey unique information about
a person’s well-being relative to objective measures.®? The SCICOS is
not prescriptive regarding the devices that should be used to obtain
the objective sleep measures. There are many available methods of
measuring sleep objectively, each with its own associated advantages
and disadvantages’® and varying degrees of accuracy compared to
gold standard polysomnography’!. Indeed, the use of polysomnog-
raphy itself has inherent limitations in people with dementia.t*72 A
panel of international sleep experts has expressed confidence in actig-
raphy/accelerometry devices as long as they are of “research quality,”
having obtained the relevant regulatory approvals, such as the medical
device Conformité Européene (CE) mark and Food and Drug Adminis-
tration (FDA) approval.®®> While it has previously been suggested that

a 14 day period of measurement is ideal,”® the SCICOS recommends
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TABLE 5 Thefinal Sleep in Cognitive Impairment Core Outcome Set (SCICOS).

Sleep in Cognitive Impairment Core Outcome Set (SCICOS)

Outcomes Practical application

* Total sleep time * Both night-time total sleep time and the total duration of sleep per 24 hour day should be
measured

* Measure both objectively and subjectively

* Sleep onset latency * Measure both objectively and subjectively

* Wakefulness after sleep onset * Measure both objectively and subjectively

* Number of night-time awakenings * Measure both objectively and subjectively

* Sleep efficiency * Measure both objectively and subjectively

* Subjective sleep quality * Measure using a single Likert-type question: “How would you rate the quality of your sleep over
the past seven days? very good/good/average/poor/very poor.”

* Measure of daytime sleepiness * Measure using the Epworth Sleepiness Scale and a single Likert-type question: “Over the past
seven days, how likely is it that you would fall asleep during the daytime without intending to, or
that you would struggle to stay awake while you were doing things? no chance/slight
chance/moderate chance/high chance”

* Measure of mood * Geriatric Depression Scale

* Measure of cognition * Montreal Cognitive Assessment +/- Alzheimer’s Disease Assessment Scale-Cognitive subscale

* Sleep should be assessed over a minimum period of 7 days.

* Clinical trial assessments should be completed within 16 to 45 minutes.

that sleep be measured over a minimum period of 7 days, which should
be sufficient to provide reliable estimates of sleep parameters in people
with cognitive impairment.”4

To help ensure comparability of data from future clinical trials, which
is the primary objective of any COS, the SCICOS also makes recommen-
dations regarding the tools that should be used to measure subjective
sleep quality, daytime sleepiness, cognition, and mood. With respect to
each of the latter three outcomes, professional participants in the Del-
phi process were asked to select their preferred measurement tools
from a list compiled from those most frequently used in the clinical
trials that were included in the systematic review. It is recognized as
a limitation of the study that this methodology may have resulted in
other, more appropriate, measurement tools being omitted from con-
sideration. The majority recommended that subjective sleep quality
should be measured using a single Likert-type question, a widely rec-
ognized and commonly used method of measuring this metric.”> While
a majority ultimately recommended the Epworth Sleepiness Scale to
measure daytime sleepiness, there were many reservations expressed
regarding its suitability for people with cognitive impairment. Sev-
eral participants opined that, in the absence of a more appropriate
tool, it may be useful to add a single Likert-type question to assess
sleepiness and, if possible, obtain corroborative information from a
caregiver.

In conclusion, informed by solicited knowledge of what matters
most to people with cognitive impairment and their caregivers, who
have lived experience of the consequences of sleep disturbances, the
SCICOS used a panel of pre-eminent international experts to produce,
by consensus, a COS consisting of nine outcomes for future clinical tri-
als of interventions to improve sleep in people with MCl and dementia.
By recommending a standard minimum set of outcomes and recom-

mending standardized methods by which these should be measured,

the SCICOS will help ensure that future clinical trials produce more

coherent and reliable data to inform clinical practice.
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