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Systematic Review

Sleep in people with and without intellectual disabilities: a

systematic review and meta-analysis
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Abstract

Background Sleep problems are regularly reported in
people with intellectual disabilities. Recent years have
seen a substantial increase in studies comparing sleep
in people with intellectual disabilities to control
participants, with an increase in the use of validated,
objective measures. Emerging patterns of differences
in sleep time and sleep quality warrant pooled
investigation.

Methods A systematic search was conducted across
three databases (Ovid Embase, PsycInfo and
Medline) and returned all papers comparing sleep in
people with intellectual disabilities to a control group,
published since the last meta-analysis on the topic. A
quality framework was employed to rate the risk of
bias across studies. Separate meta-analyses of sleep
duration and sleep quality were conducted.
Subgrouping compared findings for those studies
with participants with genetic syndromes or
neurodevelopmental conditions and those with
heterogeneous intellectual disability.

Results
combined with those from the previous meta-analysis
to provide 34 papers in total. Quality of studies was

Thirteen new papers were identified and

Correspondence: Dr Andrew Surtees, School of Psychology,
University of Birmingham, 52 Pritchatts Road, Edgbaston,
Birmingham B1s5 2TT, UK (e-mail: a.surtees@bham.ac.uk).

Authors Eloise G. Browne and Jemimah R. King contributed equally
to the manuscript and share the first authorship.

generally rated highly, though sampling provided
risk of bias and adaptive functioning was rarely
measured. People with intellectual disability
associated with genetic syndromes or
neurodevelopmental conditions sleep for shorter
time periods (standardised mean difference = .26)
and experience worse sleep quality (standardised
mean difference = .68) than their peers. People with
intellectual disability of heterogeneous origin show
no difference in sleep time but have poorer sleep
quality. There was some evidence that age
moderated these effects.

Conclusions People with intellectual disability
have poorer sleep than those without. Subtle
patterns suggest that aetiology of intellectual
disability moderates the topography of these
difficulties, with further work needed to
differentiate common and distinct mechanisms
across groups.

Keywords Genetic syndrome, Intellectual
disabilities, Intellectual disability, Learning disability,
Meta-analysis, Sleep, Systematic review

Introduction

Intellectual disability (ID) is a neurodevelopmental
condition that encompasses deficits to an individual’s
adaptative and intellectual functioning (World Health
Organization 1992; American Psychiatric
Association 2013). ID affects approximately 1-3% of
the population (Purugganan 2018). Causes of ID are
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heterogeneous, for example, genetic syndromes,
perinatal insult and brain injury (Vasudevan &

Suri 2017; Ilyas et al. 2020; Lee ez al. 2022). Children
and adults with ID have long been considered to
experience worse sleep than their neurotypical peers
(e.g. van de Wouw ez al. 2012; Bassell et al. 2015;
Harper er al. 2023).

Difficulties with sleep can be defined in a number
of ways, including by the presence or absence of a
diagnosable sleep disorder (American Academy of
Sleep Medicine 2014). Here, we focus on the
continuous measurement of night-time sleep duration
and sleep quality (Surtees ez al. 2018). Such
continuous data provide for sensitive comparison
across groups: Quantitative measurement allows for
participants who may have meaningful sleep
difficulties that do not meet criteria for a sleep
disorder and for differences to be identified between
those who do meet that threshold. Consideration of
measurable parameters also avoids the inherent
difficulties with disorders being identified and defined
primarily with respect to neurotypical populations.

People with ID are not a homogeneous group
(Patel er al. 2020), so to generalise their sleep as such
can be problematic (Didden & Sigafoos 2001). Poor
sleep experienced by people of different ID subgroups
is likely explained by different aetiologies
(Wiggs 2001; Surtees ez al. 2018). Disaggregating data
according to the origins of a person’s ID provides
important insights on sleep time and quality. Many
genetic syndromes and neurodevelopmental
conditions associated with ID predict poor sleep,
including, but not limited to Smith—Magenis
syndrome (SMS; Smith ez al. 2019), Williams
syndrome (WS; Axelsson et al. 2013) and autism
(Goodlin-Jones et al. 2008). There are a broad
range of reasons why different genetic syndromes
and developmental conditions associated with ID
all confer higher rates of sleep difficulty, with
contributions from genetic, biological,
neurological, psychological, physiological and
medical factors (Bissell er al. 2021). For a fuller
consideration of prevalence and why this may be
notable across different genetic syndromes, see
Agar er al. (2021).

Further, ID of heterogeneous origin is often
associated with co-morbid physical health
conditions, which vary across people with ID, such
as epilepsy (Stefanski er al. 2021) and/or functional

deficits (Lee et al. 2022). Each of these factors likely
contributes to sleep difficulties observed in people
with ID.

Based on a search conducted in 2015, Surtees
et al. (2018) report a meta-analysis investigating
sleep differences between people with and without
ID. An overall difference was found in both sleep
duration and a broad parameter of sleep quality —
encompassing sleep efficiency measurements, as well
as scores from standardised questionnaires. People
with ID were shown to sleep for shorter periods and
have poorer quality sleep. Data were markedly
heterogeneous. Part of this heterogeneity was
explained by differences between those with and
without an identified genetic syndrome or
neurodevelopmental condition. Those with a known
associated genetic syndrome or neurodevelopmental
condition slept for shorter periods and had poorer
quality than their peers. Those with ID of
heterogeneous origin did not show a difference in
their sleep time and showed a very marginal
reduction in sleep quality. Notably, these important
subgroup differences were concluded on the basis of
a small number of studies in people with
heterogeneous ID.

The 8 years since the previous meta-analysis
search was conducted (Surtees er al. 2018) has seen a
massive growth in research comparing sleep time and
quality in people with ID to that of typically
developing (TD) controls. This provides a
substantial improvement in power to test how robust
reported differences are. An expansion in recent
research on individuals with ID of heterogeneous
origin suggests a possible new direction of findings,
particularly regarding their sleep duration. Newer
studies across multiple age groups report
significantly longer sleep for people with ID than
age-matched controls (Chan ez al. 2019; Bohmer
et al. 2020). Conversely, new data on the sleep
quality of this subgroup seem to strengthen the
original finding that individuals with idiopathic ID
experience poorer sleep quality than TD controls
(Surtees er al. 2018; Chan er al. 2019). Further
studies have also been published including people
with ID and an associated genetic syndrome or
neurodevelopmental condition, a number of which
have suggested that original subgroup conclusions
may not be congruous (Gunes ez al. 2019; Smith
et al. 2019; Trickett et al. 2019).

© 2023 The Authors. Journal of Intellectual Disability Research published by MENCAP and International Association of the
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Rationale

Though sleep differences have been repeatedly
identified between people with ID and their peers, the
consistency of these findings across different
parameters and subgroups have often been poorly
defined. A previous meta-analysis confirmed a
substantial overall effect of poor sleep in people with
ID, but the small number of studies meant that
conclusions about subgroup and parameter-level
differences were necessarily tentative (Surtees

et al. 2018). This update review examines recent
research alongside the articles included in the original
meta-analysis (Surtees ez al. 2018), which provides
substantially increased power to test those differences.
We aim to identify and describe studies published
since 2015 and combine with data from before this
time to create pooled standardised mean difference
estimates in sleep duration and sleep quality between
people with and without ID. We further aim to
conclusively identify whether such differences are
moderated by ID subgroup (i.e. ID from genetic
syndrome or neurodevelopmental condition, or from
heterogeneous origin).

Methods

Study identification procedures identified papers
quantifying sleep differences between people with and
without ID published since the previous systematic
search was conducted, as part of the last meta-analysis
on the topic (Surtees et al. 2018). Search terms and
screening processes were taken directly from this
original review, with a restricted set of dates included
to avoid duplication. Detailed information on the new
studies is identified throughout, including assessment
of their quality, alongside summary data across the
whole sample.

Search strategy

Following PRISMA guidance for meta-analyses (see
Table S3), a systematic literature search was
performed using OVID Medline, Embase and
PsycInfo (1806-1966 and 1967—2021; for a full search
strategy and Boolean operators used, see Supporting
Information, S1). Search terms were replicated from
Surtees er al. (2018). For ID, search terms included
intellectual disability, intellectual disturbance,
learning disability, mental retardation, mental

handicap, mental deficiency, mental disorder, mental
incapacity, idiocy, Down syndrome, oligophrenia and
variants thereof. For sleep, terms included sleep,
insomnia, dyssomnia, parasomnia, somnolence,
hyposomnia and variants thereof. Search terms were
mentioned in the abstract, keywords or title of the
article. Restrictions required that papers were written
in English and empirically peer-reviewed. Date
restrictions were placed, such that papers were only
included if they were published in 2015 or later.

Paper selection

Paper selection for the final review was independently
completed by the two first authors before final papers
were agreed upon. Titles, abstracts and full-text
articles were screened in a systematic process. Articles
were excluded at any stage if they met any of the
exclusion criteria or did not explicitly report the
inclusion of participants with ID/a related disorder or
a measure of sleep time/quality. If this was not the
case, the article was carried through to the final
selection stage where the full text was retrieved, and a
final inclusion/exclusion decision was made. Papers
were excluded at any stage if they were found to
violate inclusion criteria. If articles met all inclusion
criteria but otherwise contained an insufficient
dataset, the appropriate data were requested from the
corresponding author. Two communication attempts
via email were made in each instance. Final inclusion
decisions were collectively agreed between the
authors of this update review.

Exclusion criteria

Exclusion criteria were retained from Surtees

et al. (2018). Studies were excluded if they (1) did not
report primary data, (2) included fewer than 10
participants, (3) included fewer than five participants
with an ID, (4) if all participants in the study had
epilepsy, (5) if all participants in the study had a brain
injury, (6) if the study did not measure sleep or (7) if
the study did not report sleep by variability in function
(i.e. did not report sleep separately for ID and
comparison groups). Criteria for measuring sleep
time and/or quality required data from an ID group
and a TD comparison group. Papers were also
excluded after two correspondence attempts if they
failed to report appropriate data for the meta-analysis,
such as reporting median and interquartile range

© 2023 The Authors. Journal of Intellectual Disability Research published by MENCAP and International Association of the
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values instead of means and standard deviations. For
a more detailed overview of the reasons for using the
exclusion criteria in turn, refer to the original
meta-analysis (Surtees ez al. 2018; see also

Surtees 2016).

Data extraction and management

For the final review, data were extracted from the new
papers by the two first authors and combined with
previously extracted data from the original 21 articles
(Surtees et al. 2018). Extracted data included
participant demographics such as age, gender and
average intelligence quotient (IQ) of the group, where
reported. Methodological inclusion/exclusion
information was also extracted, such as genetic
syndrome classification, exclusion of autistic people
without concomitant ID, medication usage and
reported sleep interventions. Further methodological
information, such as recruitment processes, was
noted. The two primary dependent constructs were
sleep duration and sleep quality; variables that
matched these constructs were extracted. For sleep
duration, the number of hours slept (measured
objectively or subjectively reported) qualified for
extraction. Where studies objectively measured sleep
quality, sleep efficiency (the percentage of time in bed
that was spent asleep) was extracted as the primary
variable. Where this was not the case, the broadest
measure of sleep was selected. Objective measures
were favoured and extracted over subjective reports in
studies that reported multiple measures for either
construct. Data from newly identified papers were
extracted separately by the two first authors — with any
differences discussed with the third author. Data from
the original meta-analysis (Surtees ez al. 2018) were
re-extracted, and no errors noted.

Quality review

A quality framework (see Table 1) was used to weight
the contribution of studies of varying quality in the
analysis. The framework used was the same as that
used in Surtees er al. (2018). In line with best practice
(Higgins er al., 2011), this framework reflects the key
threats to internal validity for the specific question
addressed in this review. This approach reflects
prioritising identifying genuine risk of bias in the
reviewed studies (Higgins ez al., 2011), over-rating the
quality of reporting of the study. The benefit of this is

that it allows for effective weighting of conclusions in
the light of threats to validity. The potential cost is
that it can make it more difficult to compare the
quality of methodology and reporting to that in other
research domains.

Each participant group, when recruited differently,
received independent quality ratings and for each
dependent variable where appropriate. This included
a consideration of the appropriateness of matching of
ID and control groups, including differences in
demographic characteristics such as age (see Table 1).
The framework was based on three factors thought to
reflect the key threats to internal and external validity.
Each of the framework measures were equally
weighted, though calculated across differing numbers
of sub-questions. For a more detailed overview,
including justifications for using this measure of study
quality rather than a more formal measure, refer to
the original meta-analysis (see Surtees ez al. 2018).

The quality review was run twice by the two first
authors, independent of one another. Results were
compared after the second instance, and an excellent
level of inter-rater reliability was obtained for the
whole scale (o = .81), with individual item ratings
varying between good (for matching of samples,

a = .55) and excellent (for reliability/validity of
measurement of level of intellectual functioning,

a = 1.0; measurement of adaptive functioning,

o = 1.0). A consensus between authors was then
reached to ensure all items in the quality review had a
score that reached the excellence threshold.

Data analysis

Following Surtees er al. (2018), analysis was
completed separately for sleep time and sleep quality.
Sleep time measures included any report of total sleep
time. Sleep quality included any reported measure of
sleep quality. In the case of questionnaires, this
included measures of sleep quality or sleep
problems/disturbance. In the case sleep quality was
reported negatively, a linear transformation was
applied. In the case of actigraphy, sleep efficiency was
taken as a broad measure of sleep quality.

For each analysis, the generic inverse variance
model was employed to estimate the effect.
Quantile—quantile plots were created and reviewed to
consider normality of fixed and random effects
models (REM) distributions. In each case, the REM

© 2023 The Authors. Journal of Intellectual Disability Research published by MENCAP and International Association of the

Scientific Study of Intellectual and Developmental Disabilities and John Wiley & Sons Ltd.

85U8017 SUOWILIOD BAIRERID 3edtdde 8y} Aq pauRA0B 818 SS[o1Le VO ‘SN JO S3INJ J0j ARIq1T BUIIUO /3|1 UO (SUORIPUOD-PUR-SWLB}WOD A8 | I ARe1q 1B 1|UO//:SANY) SUORIPUOD PUe SWis | 84} 83S *[£202/0T/L2] U0 A%eiqiaulluo A8|IM ‘Wes L S[e1es puy s30.nosaig weybuiuig JO AiseAIuN Aq E60ET 1ITTTT OT/I0p/w0o A 1M Areiq i put|uoj/sdiy wouy papeojumoq ‘0 ‘88.2S9€T



13652788, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/jir.13093 by University Of Birmingham Eresources And Serials Team, Wiley Online Library on [27/10/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

VOLUME PART 2023

Journal of Intellectual Disability Research

S9[BOS INOIABYSY

aandepy puepuUIA Ayl
Se TONS QINSBIWI [BULIO,

(919 waIPIIYD

10J 9[B0S doudSI[[AU]
ID[SYII ) 1891 O] [BULIO]
(a1edonred

01 payse Suroq UaIp[Iyd (]
Jo s3urqrs 10 ‘uonendod
Juwies ) woJj SuimeIp
S[00YDs [8d0] YySnoayl
‘uonemndod [e1ouas a1

01 udAI3 sty “eonoeid JH
' woJyj sajdwes wopuel
*3'9) sueaw 1ud[RAINDS

Aq panmioar sojdwes omJ,

QINSBIW PIIBPI[BA-[[oM
s 0dar yudred s

9INSBIW PIBPI[BA [[oM
s 110dax yudredgeg

sjooyos ardnnur ‘soruro
1s11e102ds wordar-nnuwr ‘g9
‘sojdwes wopueI-uou

I P14 PIIBIOOSSE 9q
01 umowy] dnoid SWOoIPUAS
110dax Juaredjyag
Juowapn( urIUID
dnois 11oddns/jooyds (1
181[B109ds WO PanIONY
110dax JuaredjJos

I P14 PI1BIOOSSE 9q

01 umowy] dnoid swoIpusg
sdnoi3 usamioq
SOOUSISJIP JO DUIPIAD OU
nq ‘sojdures 10q 10 dUO
Ul UMOW{UN UONBOYOUIP]
sdnois om1 10J BLISILID
UOISTI[OXd JUIPI
A[WIOPURI PAIITLIOAT

dnoid [onuod J[ym
fSUBIW PIIOLIISAT YSNoIyl
paimnaoar dnoid 1
SIQUDIBISAI JO A[IUUER] pUR
SPUSLY YSNOIYl PIIMIONY
sdnoig 11oddns

1uaied [euoidal g 89
‘ordwes [euordar o[3urg
Apnis yoIaeasax

snoradxd 10 orurpd 1siyeroads
® '3 ‘9[dwes wopuei-uou

Suiuonouny
payadsun aAndepy
Suiuonouny
[eN123][23Ul JO [9A3)
JO JuBWaUNSEaW Ajiqesip [emda|@aul
payadsun jo Aupifea/fajiqersy JO JUBWIRINSEd
sdno.3

JO SoNSLIIdBIRYD
s1yde.Sowsp

Ul S9JUSIRYIP
uedyIusIS

wo|qoud desjs
paydads-aud e yum
paunJdaJ a|dwes |

dnoug jo.auod pue
al jo Suiynely

odwes ] jo

sjdwes wopuey J0 pa1o1nsaI ardnyy JO PIIOLNSAI ASUIS payadsun uonedynuUap|
sdnoi3 110ddns juazed sdnoi3 110ddns
[euoneu ‘39 ‘Furdwes 1uared [euordai e *§9
WOPURI-UOU [BUOTIBN] ‘ordures [euordar 9Surg
s[ooyos sydnnur ‘soruro Apnis [o183s31
1s11e10ds wordar-nnuw ‘g9 sno1ad1d 10 orurpo Is1eroads

‘sodures wopueI-uoOu & ‘32 ‘9[dwres wopuel-uou a|dwes (] jo

o|dwes wopuey 10 paioLnsal sydumy 10 PaloLIsal J[3uIg payadsun uonedynusp| a|dwreg
(€) 3usyP2x3 (7) pooo (1) @3enbapy (0) 400d w3

SOIpNIS $SISSE 01 Pasn yIomdwrey Aend) | a|qel

© 2023 The Authors. Journal of Intellectual Disability Research published by MENCAP and International Association of the

Scientific Study of Intellectual and Developmental Disabilities and John Wiley & Sons Ltd.



Journal of Intellectual Disability Research

VOLUME PART 2023

(Continued)

Table I.

Good (2) Excellent (3)

Adequate (1)

Poor (0)

Item

Polysomnography

Self/parent monitoring
through diaries

Validated sleep

Response to a single

question

Reliability/validity of

sleep measure

Measurement of

sleep

(following at least 1 day for

adaptation)

questionnaire; note any
form of validation is

Atypical use of

.

Actigraphy of 7 days or

more

polysomnography/

actigraphy

applicable (e.g. clinician
judgement to make
adaptations for
population)

good, 2.5-3 = excellent.

poor, 0.5—1.5 = adequate, 1.5-2.5

A total score based on the average across these three domains was also calculated and awarded an overall quality, such that 0-0.5

was ultimately chosen, and the restricted estimator of
maximum likelihood employed, to be conservative in
the case of deviations from normality. Standardised
mean difference was calculated for all studies and
reported as Hedges’ g. Heterogeneity was calculated
using Higgins I?, with returned values over 75%
considered as problematic variance (Higgins

et al. 2003).

Due to the core conjecture of this paper, that
groups of participants with identified genetic
syndromes or neurodevelopmental conditions may
experience different sleep from those with
heterogeneous ID, a subgroup analysis was
conducted initially to examine this hypothesis. In the
event that this analysis produced a significant
difference in effect, all subsequent analysis was
conducted on the two groups separately.

Contingent upon substantial heterogeneity, a leave-
one-out analysis was conducted (separately for
subgroups, if indicated by subgroup analysis), with
Baujat plots drawn to identify papers that were
substantially discrepant and influential. In the event
that such studies were identified, papers were
reviewed against two further criteria. Firstly, whether
the paper was identified to present with substantial
risk of bias, as determined by the overall score on the
quality framework (discrepant and influential papers
with a high risk of bias were removed). Secondly,
whether the paper differed notably from other papers
in broad methodological choices, such as participant
or measurement characteristics. When an influential
and discrepant paper with relatively low risk of bias
was identified, it was only removed if it was a notable
outlier in its methodological choices. Subsequent to
conclusions of the leave-one-out analysis, quality
effects models were calculated to estimate the effect
weighting studies by their score on the quality
framework (as per Surtees ez al. 2018).

Funnel plots were used to identify possible
influence of publication bias or small sample sizes. In
the event that publication bias was identified, this was
corrected by imputing additional studies using a trim-
and-fill procedure (Duval & Tweedie 2000). To
analyse the likelihood that unpublished studies would
result in a different conclusion, Rosenthal’s ‘Failsafe’
number was calculated (Rosenthal 1979).

Given that one of the functions of the paper was to
serve as an ‘update’ review, meta-regression of year of
publication was included to identify changes in effect

© 2023 The Authors. Journal of Intellectual Disability Research published by MENCAP and International Association of the
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size over time. To examine the impact of participant
age, meta-regression of average age of sample by
paper was conducted.

Results

Figure 1 reports the results of the search. Five
thousand, two hundred and three papers were
returned for screening from two separate searches in
June 2021 and January 2023. Thirteen new papers
were identified across both searches, which were
combined with the 21 papers from Surtees

et al. (2018) to leave 34 papers in total (see Fig. 1).
This represented an additional 62% of papers in

comparison to the original meta-analysis (Surtees
et al. 2018).

Participant characteristics

The thirteen new papers added to the final analysis
included 1485 participants across nineteen groups of
people with ID (see Table 2 for a full description of
the papers, including participant demographics, study
methodology and quality ratings). These comprised
four groups of people with ID of heterogeneous
origin, three with SMS, two with autism (and ID),
two with Angelman syndrome, one with Down
syndrome, one with Williams syndrome, one with

[ Previous studies ] [

Identification of new studies via databases and registers ]

Studies included in
previous version of
review (n = 21)

Identification

Records identified from:
Databases (n = 5203)

Records removed before
screening:
Duplicate records removed
(n=710)

— !

Records screened
(n = 4493)

Records excluded
(n =4359)

A 4

A4

(n=134)

Reports sought for retrieval

Reports not retrieved
(n=12)

Screening

!

(n=122)

Reports assessed for eligibility

Reports excluded:
Does not report primary data
(n=3)

Fewer than 5 participants
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Figure I. Preferred Reporting Items for Systematic Reviews and Meta-Analysis flow chart, demonstrating the search and screen process.
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Mowat—Wilson syndrome, one with
Phelan-McDermid syndrome, one with
SYNGAP1-related ID and one with tuberous
sclerosis complex. Bohmer ez al. (2020) reported on a
sample of older adults (M = 62.2 years), and Ballester
et al. (2019) reported on an adult sample

(M = 33 years). All other samples reported an average
age of less than 18 years (average ages:

7.2—12.86 years). There was a higher proportion of
male than female participants across all samples,
60.23% (average of averages, not weighting for study
sizes).

These data were combined with that from the 21
studies previously extracted in the original
meta-analysis (see Surtees er al. 2018 for an overview
of papers). In total, this meant 34 papers were
included in the final analysis, with 2962 participants
across 51 groups of people with ID (for full details, see
Table 2).

Study quality

As noted in the method, effects from individual
participant groups were given unique quality ratings.
Using the criteria specified, no study effects were
classified as ‘excellent’ overall, nine as ‘good’, 13 as
‘adequate’ and none as poor. Quality awarded for
‘measurement of ID’ was generally the poorest, with
the mean rating being adequate. This reflected
appropriately validated IQ measures not often being
used and measures of adaptive functioning being even
rarer, as most studies relied on presence within a
syndrome group or provided no evidence at all for
level of functioning. Impaired functioning is typically
included in criteria for ID (DSM-V; American
Psychiatric Association 2013; ICD-10; World Health
Organization 1992) but appears to be often
overlooked in research papers, even where it is
clinically relevant (Quine 1992). ‘Identification of
samples’ received higher ratings in most studies. In
many cases, this was because participants were
recruited from multiple or national non-random
samples and with unaffected siblings often recruited
as controls. Measurement of sleep time or quality was
considered to be ‘excellent’ in 44% of cases,
suggesting many studies favoured an objective
measure of sleep (polysomnography or actigraphy)
compared to years previously where studies

predominantly relied on parent report (Didden &
Sigafoos 2001).

These data were combined with that from the
original meta-analysis (Surtees et al. 2018). Across the
51 populations of people with ID tested, three were
rated as excellent overall, 14 as good, 34 as adequate
and none as poor.’

Meta-analysis
Sleep time

Twenty-two studies reported a measure of sleep time
(see Supporting Information for a table of these
studies and means for each group; Table S1; see also
openly available dataset on Open Science Framework;
https://osf.io/znwae/). The papers reviewed contained
a total of 32 groups of people with ID, meaning TD
comparison groups were replicated on 10 occasions.
The REM revealed a marginally non-significant
difference (SMD = —.22, 95% CI = —.45—.01), with a
trend for people with ID sleeping for shorter periods
each night than people without ID. Substantial
heterogeneity was identified, I = 90%. A significant
subgroup difference was noted between participants
with and without an identified genetic syndrome or
neurodevelopmental condition (X° = 13.91, P < .01).
For groups of participants with an identified genetic
syndrome or neurodevelopmental condition, a large
difference was noted, such that they slept for shorter
periods than participants without ID (SMD = —.43,
95% CI = —.67 to —.18). An acceptable level of
heterogeneity was observed, I> = 69%. For groups of
participants with ID of heterogeneous origin, the
opposite effect was observed, such that they slept for
longer periods than participants without ID

(SMD = .32, 95% CI = .02—.62). For these studies, a
high level of heterogeneity was observed, I” = 91%.
Given the significant subgroup difference, data
analysis proceeded separately for the two groups.

Genetic syndrome or neurodevelopmental condition. For
participants with an identified genetic syndrome or
neurodevelopmental condition, acceptable
heterogeneity meant leave-one-out analysis was not
conducted. The quality effects model evidenced no

"Numbers correct prior to the exclusion of Bohmer et al. (2020) and
Fraser er al. (2005) for presumed age-related and syndrome-specific
differences, respectively.
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change in the estimate effect, and only a marginal
change in confidence intervals (SMD = —.43, 95%
CI = —.69 to —.18). Neither meta-regression on year
of publication, QM = 2.52, P = .11, nor
meta-regression on age of participants, QM = 1.20,
P = .27, evidenced an effect. There was no evidence
of significant funnel plot asymmetry (z,, = 1.5,

P = .15; see Supporting Information, Fig. S1).
Rosenthal’s Failsafe test suggested a further 294
studies would be needed to reduce the effect to
non-significant (P = .05).

Intellectual disability of heterogeneous origin. Given
unacceptable heterogeneity for effects in participants
with ID of heterogeneous origin, a leave-one-out
analysis was conducted to understand the relative
influence of, and discrepancy from, to the effect of
each of the studies and is summarised in a Baujat plot
(Supporting Information, Fig. S2). A number of
studies were identified that contributed significantly
to heterogeneity. One of these studies showed
evidence of also contributing substantially to the
estimate of the effect. Bohmer ez al. (2020) was
reviewed additionally to consider methodological
quality and similarity to approaches employed in
other studies. In terms of quality rating, Bohmer

et al. (2020) was found to be one of the higher rated
papers. Notably though, it differed from other studies
in testing older adults with ID, while most other
studies investigated the sleep of children with ID.
Consequently, the paper was removed from
subsequent analysis, as unlikely to be representative of
the broader group. A revised estimate, omitting
Bohmer ez al. (2020), returned a notably lower
standardised mean difference that was marginally
non-significant, SMD = .23, 95% CI = —.08-.53.
Heterogeneity was reduced, I” = 87%. For
participants with ID of heterogeneous origin,
meta-regression on year of publication did not
evidence an impact of this as a significant moderator,
OM = .54, P = .46. Meta-regression on age of
participants did evidence an effect, QM = 5.60,

P = .018, with older participants showing larger
effects. There was not evidence of funnel plot
asymmetry (see Supporting Information, Fig. S3).

Ommnibus analysis following outlier removal. Re-running
the omnibus and subgroup analyses after removing
Bohmer ez al. (2020) also revealed a significant

difference (SMD = —.26, 95% CI = —.48 to —.03,

P = 85%), with people with ID having shorter sleep
time than people without ID (see forest plot; Fig. 2).
A significant subgroup difference was noted between
participants with and without an identified genetic
syndrome or neurodevelopmental condition

(X? = 10.66, P < .01), noting that the effect showed
shorter sleep times for studies of those with identified
genetic syndromes or neurodevelopmental conditions
and a trend for longer sleep times in those without
genetic syndromes or neurodevelopmental
conditions.

Sleep qualiry

Twenty-nine studies reported a measure of sleep
quality (see Supporting Information for a table of
these studies and means for each group; Table S2).
The papers reviewed contained a total of 43 groups of
people with ID, meaning TD comparison groups
were replicated on 14 occasions. The REM revealed a
significant difference (SMD = 1.37, 95%

CI = .29—2.46), showing people with ID experienced
poorer quality sleep than people without ID.
Substantial heterogeneity was identified, I? = 94%.
There was a marginally non-significant trend for a
subgroup difference between participants with and
without an identified genetic syndrome or
neurodevelopmental condition (X° = 3.44, P = .06).
Both participants with identified genetic syndromes
or neurodevelopmental conditions, (SMD = 1.76,
95% CI = .27-3.24) and participants with ID of
heterogeneous origin (SMD = .34, 95% CI = .17-.51)
experienced poorer quality sleep than their peers
without ID. This subgrouping explained a substantial
proportion of heterogeneity, with those studies
including participants with ID of heterogeneous
origin returning acceptable levels, I? = 74%, and
those studies with participants with identified genetic
syndromes returning unacceptable levels of
heterogeneity, I = 95%. With this in mind, further
analysis focussed on understanding heterogeneity in
those studies.

A leave-one-out analysis was conducted to
understand the relative influence of, and discrepancy
from, to the effect of each of the studies and is
summarised in a Baujat plot (Supporting
Information, Fig. S4). One study was identified as
clearly influential and discrepant. Given this, Fraser
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et al. (2005) was reviewed additionally to consider
methodological quality and similarity to approaches
employed in other studies. In terms of quality rating,
Fraser er al. (2005) was found to be within the
moderate range of studies included in the review, with
no items rated as poor. Notably though, it was the
only study to consider participants with Sanfilippo
syndrome and used a novel questionnaire. With this
in mind, the paper was removed from subsequent
analysis, as unlikely to be representative of the
broader group. A revised estimate, omitting Fraser
et al. (2005), revealed a significant difference

(SMD = .68, 95% CI = .47-.89), showing people with
ID experienced poorer quality sleep than people
without ID. Substantial, but notably lower,
heterogeneity was identified, I = 86%. There was a
significant subgroup difference between participants
with and without an identified genetic syndrome or
neurodevelopmental condition (X = 8.44, P < .01;
Fig. 3). Both participants with identified genetic
syndromes or neurodevelopmental conditions,
(SMD = .86, 95% CI = .56—.1.17) and participants
with ID of heterogeneous origin (SMD = .34, 95%
CI = .17-.51) experienced poorer quality sleep than
their peers without ID. This subgrouping explained a
substantial proportion of heterogeneity, with those
studies with participants with ID of heterogeneous
origin returning acceptable levels, I? = 74%, and
those studies with participants with identified genetic
syndromes or neurodevelopmental condition
remaining high, I” = 84%. Given significant subgroup
differences, investigation of a quality effects model,
meta-regression and publication bias was conducted
independently for groups of participants with ID of
heterogeneous origin.

Genetic syndrome or neurodevelopmental condition. For
participants with an identified genetic syndrome or
neurodevelopmental condition, the quality effects
model suggested a small reduction (5.8%) in the
estimated effect size, SMD = .81, 95% CI = .50-1.13.
Meta-regression on year of publication did not
evidence an impact of this as a significant moderator,
OM = .24, P = .63. Meta-regression on age of
participants did evidence an effect, QM = 8.97,

P < .o1, with a larger effect for samples with older
participants. Funnel plot asymmetry was consistent
with evidence of publication and/or small sample
biases — studies with larger standard errors were more

likely to return higher SMDs (see Fig. 4). A trim-and-
fill process was conducted to correct for potential
publication bias but did not impute any missing
studies. Rosenthal’s Failsafe test suggested 2494
further null results would be needed to produce a
non-significant effect (P = .05).

Intellectual disability of heterogeneous origin. For
participants with ID of heterogeneous origin, the
quality effects model returned an increase (11.7%) in
the estimate of the effect (SMD = .38,

95%CI = .20-.56). Neither meta-regression on year of
publication, QM < .o1, P = .99, nor meta-regression
on age of participants, QM = 1.39, p = .24, evidenced
an impact of significant moderation of the effect.
There was not evidence of funnel plot asymmetry
(Supporting Information, Fig. S5). Rosenthal’s
Failsafe test suggested 148 null studies would be
required for the effect to revert to being
non-significant (P = .05).

Discussion

This systematic review and meta-analysis updates a
previous pooled estimate of the difference in sleep
time and sleep quality between people with and
without ID. The last 8 years has seen a substantial
increase in the rate of research in this area, with 47%
more studies providing eligible estimates of sleep
duration and 61% more studies now providing
eligible estimates of sleep quality. As well as providing
an increasingly accurate pooled mean difference
estimate, this has allowed for an appropriately
powered comparison between the two broad groups
encompassed in research in this area: people with ID
associated with identified genetic syndromes or
neurodevelopmental conditions and those with ID of
heterogeneous origin.

Sleep time

For sleep time, our final omnibus model returned a
marginally significant difference between people with
and without ID, such that those with ID experienced
shorter sleep times each night than their peers. A
crucial subgroup difference was noted. For
participants with an identified genetic syndrome or
neurodevelopmental condition, this effect was a
robust small-medium sized effect. For participants

© 2023 The Authors. Journal of Intellectual Disability Research published by MENCAP and International Association of the
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Figure 4. Funnel plot for meta-analysis of sleep quality in studies with people with genetic syndromes or neurodevelopmental conditions.

with ID of heterogeneous origin, there was no
evidence for difference from TD control groups.

For participants with ID of heterogeneous origin,
effects were larger in older participants. Related to this,
Bohmer et al. (2020) was excluded from analysis after
being reviewed for unusual discrepancies and
contributing substantially to the estimate. This study
examined sleep in older adults with ID and found a
large effect for longer sleep times. This study was rated
as excellent in quality overall and had a large sample
size. More data are needed, but a reasonable
hypothesis from the existing data is that young children
with ID of heterogeneous origin may experience
shorter sleep times, like their peers with identified
syndromes or developmental conditions. Through to
adulthood, however, this effect may reverse. One
hypothesis for why this happens may relate to the
nature of progressive physical health conditions
(Prasher & Janicki 2019). A second may relate to the
increasing move towards extra-familial supported
accommodation (Cocks ez al. 2016). A final possibility
could relate to sampling biases; studies in children
likely rely on parental interest for participation,
whereas studies in adults or older adults more regularly
sample across institutions. It is not clear, however, why
these factors are not equally impacting those with
identified genetic syndromes or neurodevelopmental
conditions. More research is needed on age-related
changes to sleep in people with ID more broadly, with

a startling number of studies choosing to focus on
children, when problems clearly persist in adulthood.

Sleep quality

For sleep quality, evidence was clearer for poorer
sleep in those with ID. Again, there was evidence of a
significant subgroup effect, such that those with
identified genetic syndromes or neurodevelopmental
conditions slept more poorly than those with ID of
heterogeneous origin. For those with genetic
syndromes or neurodevelopmental conditions, a large
effect was observed. This effect was moderated by
age, such that older participants showed more
difference from their TD peers. Fraser ez al. (2005)
was removed as an outlier, for contributing
substantially to heterogeneity and the overall effect.
Fraser er al. (2005) reported particularly low sleep
quality in a group of children with Sanfilippo
syndrome in comparison to controls. Though
supporting data exist on sleep problems in this group
(Ruijter ez al. 2008; Mahon er al. 2014), these are not
necessarily more pronounced than in some other
genetic syndromes (Agar er al. 2021). More data are
needed to understand if this study represents a
statistical anomaly, whether Sanfilippo syndrome
confers an unusually high risk of sleep disturbance in
comparison to other syndromes or whether the
questionnaire used is unusually sensitive to sleep

© 2023 The Authors. Journal of Intellectual Disability Research published by MENCAP and International Association of the
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difference. For those with ID of heterogeneous origin,
a small, but still significant, effect was calculated.

Understanding subgroup differences

In sum, the growth in research over the past 8 years
has allowed stable estimates to be calculated, with
continued support for ID being associated with poor
sleep. Those children and adults with identified
genetic syndromes or neurodevelopmental
conditions, in addition to ID, sleep for shorter
intervals per night and experience poorer quality sleep
than their TD peers. This worse quality sleep seems
to deteriorate further with age. Those children and
adults with ID of heterogeneous origin also
experience poorer quality sleep, but not shorter night
sleep intervals, and they may even sleep for longer
periods than their peers into adulthood and
particularly as older adults. A plethora of reasons have
been suggested as to why people with ID may sleep
more poorly than their peers (Bissell ez al. 2021). It is
likely the case that no single factor is responsible, but
rather a combination of biopsychosocial risk factors
and perpetuators (Bissell ez al. 2021).

We treat the evidence for difference between
groups of people with associated syndromes or
developmental disorders and those with ID of
heterogeneous origin cautiously. By definition, both
groups remain heterogeneous — data remain too scant
to allow meta-analytic comparison between
syndromes or to model the impact of developmental
risk factors. Specific genetic syndromes and
neurodevelopmental conditions have been associated
with specific predictors for sleep problems. For
example, the well-identified differences in circadian
rhythms in people with SMS (De Leersnyder
et al. 2003; Williams e al. 2012) and also separable
biopsychosocial models, such as suggested in autism
(Richdale & Schreck 2009). Given such differing
mechanisms, it is perhaps not surprising that within
the context of a large group-level difference,
heterogeneity in these studies remained high. Further,
it is likely that research in the area may follow those
groups who present with the most substantial sleep
problems. For people with ID of heterogeneous
origin, the substantial difference in sleep quality
across studies in particular is notable. Given the likely
vast individual differences in cause and behavioural

phenotype in this group (Buttner & Hasselhorn 2011),
that a clear effect persists remains notable.

Implications for research and practice of the
identified subgroup differences should be treated
cautiously. On the one hand, it is clear that identified
syndromes and neurodevelopmental conditions are
consistently found to have the worst sleep — therefore
merit a particularly strong focus from research and
clinical services. On the other, those with ID of
heterogeneous origin likely represent the largest
population but have been studied less frequently. It is
clear that more research and support is needed on the
sleep of people with ID more broadly.

Study quality and limitations

Using a systematic quality framework, the studies
included generally performed well, with most being
rated as good or adequate overall. This reflects an
increased use of objective measures of sleep in people
with ID — in particular a growth in actigraphy to
measure habitual sleep patterns. Similarly, intellectual
functioning tended to be measured through
standardised IQ tests or reflected association with a
syndrome with a well-described phenotype. Measures
of adaptive functioning tend to be rarer, in spite of
their equal role in ID diagnostic criteria.

The meta-analyses showed people with ID of
heterogeneous origin to continue to be
under-represented in research. Similarly, a high
proportion of research has focussed on children. This
is particularly notable, as, for sleep quality at least,
there is some evidence that differences from TD peers
increase with age. Additionally, most of the research
in this area continues to be conducted in Western
Europe and North America. Though biological de-
terminants of poor sleep may be translatable across
cultures, broader social differences mean gaining es-
timates from the developing world is important.

For the analysis itself, single studies provided
multiple subgroups, which may have reduced
confidence intervals marginally, though like Surtees
et al. (2018), there was little evidence that this would
have altered conclusions. Unexplained heterogeneity
remained high for the analysis of sleep duration in
those with ID of heterogeneous origin and the
analysis of sleep quality in those with genetic
syndromes or neurodevelopmental conditions. That
much of this heterogeneity remained unexplained

© 2023 The Authors. Journal of Intellectual Disability Research published by MENCAP and International Association of the
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likely reflects the multifactorial nature of study
differences; participant groups were recruited through
differing means, at different ages, using different
methodologies.

Conclusion

Recent years have seen a substantial increase in
research on the sleep of people with ID. Over
one-third of papers that have compared sleep time or
sleep quality between people with and without ID
have been published since the last review eight years
ago. Meta-analytic models clearly show that people
with ID sleep for shorter periods and less well than
their TD peers. This is most significant for those with
associated genetic syndromes or neurodevelopmental
conditions. Understanding the causes and
consequences of this should remain a priority for
researchers and clinical services alike.
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