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Abstract
This study aimed to systematically review and meta-analyse the prevalence of sleep

disturbances in people with dementia and examine demographic predictors and whether
overall prevalence has changed over time. We searched Embase, MEDLINE and PsycINFO for
studies reporting the prevalence of sleep disturbances in people with dementia living at
home. We meta-analysed the data and calculated the pooled prevalence of sleep
disturbances in people with dementia overall and in dementia subtypes. We used meta-
regressions to investigate the effects of study characteristics, publication dates and
participant demographics. Eleven studies fulfilled the inclusion criteria. The pooled
prevalence of any symptoms of sleep disturbance was 26% (95% confidence intervals, CI: 23
to 30%; n= 2719) and of clinically significant sleep disturbance 19% (13 to 25%; n= 2753).

The pooled prevalence of sleep disturbance symptoms was significantly lower among



people with Alzheimer’s disease (24%; 16 to 33%, n=310) than Lewy body dementia (49%;
37 to 61%, n=65). Meta-regression analysis did not find that publication year, participant’s
age, sex and study quality predicted prevalence. Sleep disturbances are common among
people with dementia living in the community, especially in Lewy body dementia. There was
no change in prevalence according to publication dates, suggesting treatment has not

improved over time.
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1. Introduction

Dementia affects around 50 million people globally, and this is expected to triple by 2050
(World Health Organization, 2020). Cognitive decline is the core symptom of dementia but,
neuropsychiatric symptoms (NPS) are common, particularly agitation, apathy, depression,
irritability, sleep disturbances and psychotic symptoms (Ryu et al., 2005; Siafarikas et al.,

2018).

Sleep disturbances are defined as any disturbance to the sleep process and encompass
difficulties in falling or staying asleep, short sleep duration, getting up during the night, early
morning wakening and excessive daytime sleepiness (Boeve et al., 2002; McCleery &
Sharpley, 2020). In people with dementia, the suprachiasmatic nucleus of the
hypothalamus, sometimes referred to as the body’s “internal clock” often undergoes
extensive neurodegeneration (Vitiello & Borson, 2001). This can disrupt the circadian
rhythm of sleep and wakefulness, resulting in disturbed sleep (Cipriani et al., 2015). Other

contributors to sleep disturbances in people with dementia include light and noise



exposure, lack of stimulation and exercise during the day, medical and psychiatric morbidity,

and medications (Vitiello & Borson, 2001).

Poor sleep may contribute to agitation, aggression and irritability (Cipriani et al., 2015;
Webster et al., 2020), decreased social engagement (Ooms & Ju, 2016), and reduced
attention and motivation, which can impact cognitive performance (Cole & Richards, 2005).
Poor sleep is also associated with greater risk of depression, cardiovascular disease,
diabetes, and falls in older adults (Bonanni et al., 2010; Jaussent et al., 2011; Philipps &
Mannino, 2007; Stone et al., 2014). In addition, disturbed sleep may contribute to amyloid
deposition, increased Tau and inflammation leading to neurodegeneration, and so cause or

worsen cognitive impairment (Livingston et al., 2020).

Disrupted sleep is problematic for those who live with and care for someone with dementia.
Caregivers’ sleep may be impacted by having to attend to the care recipients’ needs and
behaviours and provide comfort at night (Peng et al., 2018; Webster et al., 2020) and by
worry and anxiety about the care recipient (Gibson et al.,2014; Peng et al., 2018).
Consequently, the caregiver’s physical and mental health may be impacted (Cipriani et al.
2015), and it is more common that those relatives become unable to continue caring, and

the care recipient has to move into a care home (Reinhard et al., 2008).

Disturbed sleep is one of the most reported symptoms in people with dementia (Zhao et al.,
2016), but estimates of its prevalence vary significantly, ranging between 5% (Koopmans et
al., 2009) and 86% (Hsieh et al., 2009). Differences in the measures used to identify sleep

problems, dementia subtypes, and dementia severity of people in the sample being studied,



might all contribute to this variability in estimates. The prevalence of sleep disturbance may
also vary depending on the setting in which the persons with dementia live. Home setting
and long-term residential setting are two very different contexts; for example, they differ in

privacy and noise levels.

A systematic review and meta-analysis of fifty-five studies of people with dementia living in
care homes reported the pooled prevalence of clinically significant sleep disturbances to be
20% measured via validated questionnaires and 70% when sleep problems were measured
using actigraphy (Webster et al., 2020a), which is not validated in older people with
dementia. It is important to consider sleep disturbances in people with dementia living in
their own homes separately to those living in a care home setting, as around 84% of people
with dementia across the world live in the community (Wimo et al.,, 2018), and sleep
disturbances are a predictor of people with dementia living in the community moving into

care homes (Gaugler et al., 2000; Hope et al., 1998).

To our knowledge, there is currently no systematic review and meta-analysis of the
prevalence of sleep disturbances in people living with dementia in their own homes. In this
review, we aim to address this gap and establish the overall prevalence of sleep
disturbances in home-dwelling people with dementia, the prevalence in dementia subtypes

and explore in meta-regression study characteristics that predict prevalence rates.

2. Methods
We registered our review protocol with the Prospero International Prospective Register of

Systematic Reviews (CRD42021244411). We searched Embase, MEDLINE and PsycINFO,



from database inception to April 30, 2021. We used the following terms, developed from
those used in a systematic review on the prevalence of sleep disturbances in people with
dementia living in care homes (Webster et al., 2020a): (dementia OR demented OR
Alzheimer*) AND (sleep* OR insomnia OR circadian OR night* OR neuropsychiatric) AND
(prevalence OR epidemiolog* OR frequency), without any restrictions on language. We
further restricted the search to “humans”. The search strategy is presented in the Appendix
A. We hand-searched the reference lists of included studies for further relevant studies. We

translated twenty-four non-English articles to determine their eligibility.

2.1 Inclusion and exclusion criteria
We included quantitative studies reporting:
a) the prevalence of sleep disturbances in a complete or representative sample of
people with dementia living in their own homes;
b) sleep disturbances in individuals with a clinical dementia diagnosis or one using
standardised diagnostic criteria;
c) sleep disturbances measured via validated questionnaires for sleep disturbance in
dementia populations or actigraphy;
d) results for people with dementia living in their own homes separately from those
living in care homes;
e) cross-sectional or longitudinal data (if longitudinal, we included baseline data only).
We excluded studies if:
a) the study did not specify where people with dementia lived;

b) sleep disturbances were inclusion criteria;



c) the study reported prevalence of primary sleep disorders (e.g. REM sleep behaviour
disorder) rather than sleep disturbances;

d) the study was a randomised controlled trial, pilot, or feasibility study.

2.2 Screening and data extraction

Two researchers (TK and EF) independently screened the first twenty search results to
assess exclusion procedure reliability. There was an agreement on all papers. TK screened all
papers and EF independently screened a random 25% of titles and abstracts and full texts.
Disagreements were resolved by a discussion with two other researchers (GL and PR). TK
extracted and entered data from the papers into the pre-piloted form. Data extracted
included: first author, year, country, study design, mean age, percentage of males, dementia
diagnosis criteria, dementia type, dementia severity, recruitment method, measure of sleep
disturbances, sample size assessed for sleep disturbances and number of cases. EF cross-
checked 25% of data extraction. We contacted the authors of five studies (Guerra
Hernandez et al., 2011; Manini et al., 2021; Menegardo et al, 2019; Storti et al., 2016; Teipel
et al., 2015), where the data required was not reported, but did not receive additional data,

and so the studies were excluded.

2.3 Methodological quality

Two researchers (TK and EF) independently examined the quality of included studies using
the Mixed Methods Appraisal Tool (MMAT) — Version 2011, criteria for the quantitative
descriptive studies (Pluye et al., 2011). This assesses the quality of different studies on four
elements:

1. Isthe sampling strategy relevant to address the quantitative research question?



2. Is the sample representative of the population understudy?
3. Are measurements appropriate (valid or standardised instrument)?
4. Isthere an acceptable response rate (60% or above)?
Each study is given a point for each criteria met, with potential scores ranging from 0-4,

where a higher score indicates a higher quality study.

2.4 Data analysis

Given the prevalence of sleep disturbance varies notably depending on what is measured
(Webster et al.,, 2020a), we separated the prevalence data into two categories of
measurement: (1) sleep disturbance symptoms and (2) clinically significant cases of sleep
disturbances. Sleep disturbance symptoms are defined as any sleep disturbance irrespective
of severity or frequency (Webster et al., 2020a). Clinically significant cases of sleep
disturbance are defined as a score of 4 or higher on The Neuropsychiatric Inventory (NPI)
(Cummings, 1994) sleep item, obtained by multiplying frequency and severity scores

(Cummings, 2020).

We then used STATA version 16.0 to conduct separate meta-analyses for symptoms and
clinically significant cases. We computed the study-specific prevalence estimates and
standard errors, along with 95% confidence intervals (Cl) using the “metaprop” command
(Nyaga, 2014). We also employed the “metaprop” command, which uses inverse-variance
weights, to conduct the logistic-normal random-effects model of overall pooled prevalence
and associated 95% Cl. We computed the 95% Cl using the exact method recommended for
binomial data (Newcombe, 1998). We used the I statistic to assess heterogeneity where P

equal to or greater than 50% indicated a high heterogeneity (Higgins & Thompson, 2002).



We conducted a sub-group meta-analysis on the prevalence of symptoms of sleep
disturbance by dementia subtypes. To investigate if participant demographics or study
characteristics could account for the high heterogeneity in prevalence estimates, we
conducted a random-effects meta-regression using the “metareg” command (Higgins &
Thompson, 2002). In six separate meta-regressions, we combined the data from the meta-
analyses and examined the study covariates of publication year, age of participants,
percentage of males in the sample, method of measurement, sampling strategy and study
guality. In the meta-regressions, we added the category of measurement as a first covariate
as it is a significant moderator of prevalence (Webster et al., 2020a).

We assessed the non-reporting bias using funnel plots generated by “metafunnel”
command in the studies meta-analysed. We completed sensitivity analyses including only
high-quality studies. As some studies did not have an acceptable response rate (as defined
by MMAT) or did not report the response rate, we regarded those studies as lower quality

studies.

3. Results

We screened 6432 studies (see Figure 1, PRISMA diagram) of which 11 studies, comprising
14 reports on the prevalence of sleep disturbances, fulfilled the inclusion criteria (see Table
1). Six studies were conducted in low-to-middle income countries (Acosta-Castillo et al.
2012; Baiyewu et al., 2003; Baiyewu et al., 2012; Haibo et al., 2013; Paddick et al., 2014;
Yoro-Zohoun et al., 2019) and five in high-income countries (Aalten et al., 2003; Caputo et
al., 2008; Férnandez-Martinez et al., 2008; Honda et al., 2013; Lyketsos et al., 2002). The

majority of studies (Acosta-Castillo et al., 2012; Baiyewu et al., 2003; Baiyewu et al., 2012;



Haibo et al., 2013; Paddick et al., 2014; Yoro-Zohoun et al., 2019, Férnandez-Martinez et al.,
2008) were population-based, employing a door-to-door approach to recruitment. In three
studies (Aalten et al. 2003; Caputo et al.,, 2008; Honda et al., 2013), participants were
selected from a consecutive series of patients presenting to memory clinics. In one study,
the cohort was identified through national health insurance lists (Lyketsos et al., 2002).
Most studies (Acosta-Castillo et al., 2012; Baiyewu et al.,, 2003; Baiyewu et al., 2012;
Férnandez-Martinez et al., 2008; Honda et al., 2013; Paddick et al., 2014; Yoro-Zohoun et al.,
2019) reported the prevalence of sleep disturbance symptoms. One study (Caputo et al.,
2008), reported the prevalence of clinically significant cases of sleep disturbance, and three
studies (Aalten et al., 2013; Haibo et al., 2013; Lyketsos et al., 2002) reported the prevalence
estimates of both symptoms and clinically significant cases of sleep disturbance. These three

studies were therefore included in both meta-analyses.

Most studies used the NPI sleep disturbance item to measure sleep disturbance. The NPl is
an informant-based interview covering 12 NPS domains completed by a clinician
(Cummings, 2020). Sleep is assessed via the sleep and night-time behaviour disturbance
item of the NPI, measuring sleep disturbances during night-time, early morning awakening
and excessive daytime sleepiness. Three studies employed the Neuropsychiatric Inventory-
Questionnaire (NPI-Q) sleep item to measure sleep disturbance, which is a brief
questionnaire form of the NPI, completed by an informant and is validated for use in
dementia populations (Kaufer et al., 2000). The screening question for sleep disturbance is
derived from the NPI, but the NPI-Q does not contain sub-questions and only considers the

severity of NPS.



3.1 Study quality
The overall scores on the MMAT were three or four (Table 1). Five studies were of high
quality, scoring 4 points and six scored 3 points. Five studies did not report how many

people responded, and in one study, less than 60% of potential participants participated.

3.2 Prevalence of sleep disturbance symptoms

Ten studies, including a total of 2719 participants, provided the prevalence of sleep
disturbance symptoms in people with dementia living at home. The prevalence estimates
ranged from 17% to 37%, and the pooled prevalence was 26% (95% Cl: 23 to 30%) (see
Figure 2). The heterogeneity was high (I*= 72.8%). We also conducted a sensitivity analysis
by removing five lower quality studies, as assessed by the MMAT (Baiyewu et al., 2003;
Paddick et al.,, 2014; Aalten et al., 2003; Férnandez-Martinez et al., 2008; Honda et al.,
2013). The prevalence estimates ranged from 22% to 37%, and the pooled prevalence was
similar, although slightly higher (28%; 95% Cl: 22 to 33%). Again, the heterogeneity was high

(= 80.9%).

3.3 Prevalence of clinically significant cases of sleep disturbances

Four studies with a total of 2753 participants reported clinically significant cases of sleep
disturbance in people with dementia living in their own homes. The prevalence across
individual studies ranged from 13% to 26% (see Figure 3). The pooled prevalence was 19%
(95% Cl: 13 to 25%), with significant heterogeneity present (= 92.8%). We also conducted a
sensitivity analysis by removing two lower quality studies (Aalten et al., 2003; Caputo et al.,
2008). The pooled estimate prevalence slightly decreased from 19% to 16% (95% Cl: 15 to

18%).
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3.4 Prevalence of sleep disturbances by dementia subtype

In terms of dementia subtypes, three studies reported the prevalence of sleep disturbances
for Alzheimer’s disease and vascular dementia (Paddick et al., 2014; Férnandez-Martinez et
al., 2008; Honda et al., 2013), and two studies (Férnandez-Martinez et al., 2008; Honda et
al., 2013) provided data for Lewy body dementia and frontotemporal dementia. The pooled
prevalence of sleep disturbance symptoms varied by dementia subtype (see Figure 4). The
pooled prevalence of sleep disturbance symptoms was 24% (95% Cl: 16 to 33%) for
Alzheimer’s disease, 32% (95% Cl: 11 to 52%) for frontotemporal dementia, 35% (95% Cl: 22
to 47%) for vascular dementia and 49% (95% Cl: 37 to 61%) for Lewy body dementia, with
non-overlapping confidence intervals between Alzheimer’'s disease and Lewy body
dementia. There were no other significant differences in the prevalence of sleep

disturbances between dementia subtypes.

3.5 Meta-regressions

Meta-regressions did not find that any covariates significantly moderated the estimates of
prevalence (all p > 0.10). We investigated reporting bias using funnel plots. The funnel plot
for meta-analysis of symptoms appeared to be symmetrical (see Figure 5). The funnel plot

for meta-analysis of clinically significant cases appeared to be asymmetrical (see Figure 6).

4. Discussion
This study is the first systematic review and meta-analysis to synthesise the evidence on the
prevalence of sleep disturbances in people with dementia living at home. The pooled

prevalence of symptoms of sleep disturbance in people with dementia living at home was

11



26%, and of clinically significant cases, 19%. Prevalence was significantly higher in people
with Lewy body dementia than in those with Alzheimer’s disease (49% vs. 24%). There was

no change in prevalence rates over time according to publication dates.

Compared to the community-dwelling elderly, where the prevalence of sleep disturbances
was found to be 30.5% (Bao et al., 2017), it seems people with dementia have comparable,

although slightly less sleep disturbance.

We found the pooled prevalence of having any symptom of sleep disturbance to be 26%
(95% Cl: 23 to 30%). The prevalence in the community was, thus, lower than the pooled
prevalence in care homes reported previously (38%; 95% Cl: 33 to 44%) (Webster et al.,
2020a). Given that people with dementia and sleep disturbances are more likely to move
into care homes than those without sleep disturbances (Porter et al., 2016), this would be
expected unless care homes were able to improve sleep or if sleep disturbances resolved

over time.

People living in their own homes may sleep better than those living in care homes because
environmental factors that contribute to sleep disturbances in dementia may be
exacerbated by living in a care home. For example, insufficient daytime light and noise in a
care home can contribute to sleep disturbance (Ancoli-Israel & Vitiello, 2006), and
individuals may be disturbed by other residents or night-time care procedures (Neikrug &
Ancoli-Israel, 2010). Additionally, in care homes, residents often go to bed early due to the
care home culture (Luff et al., 2011). Staff shift changes and lower night-staffing levels

especially influence residents’ bedtimes, as staff may want to get residents ready before the
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nightshift begins (Luff et al., 2011). Many residents thus spend several more hours in bed
than needed for sufficient sleep, which can fragment and disturb sleep (Reynold et al.,
2014). Furthermore, people living in care homes tend to be less active during the day than
people living in their own homes (Douma et al., 2017), which may also contribute to sleep
disturbance. However, there may be under-reporting in care homes as the persons’ sleep
difficulties may be less recognised by the care home staff than by someone who shares a

bed with them.

Moreover, people with dementia living in care homes are generally at a more severe stage
of dementia. Studies in our meta-analysis included participants across the severity range of
dementia, with the majority being in moderate stages. As some studies find that sleep
disturbances increase as the severity of dementia increases (Caputo et al., 2008; Huang et
al., 2017), a lower pooled prevalence in the current study might be expected. However,
others reported no evidence of an association between dementia severity and frequency of
sleep disturbance in care homes (Webster et al., 2020a; Castineiras et al., 2012; Suzuki et al.,

2017).

Interestingly, we did not find a lower prevalence of clinically significant sleep disturbance in
the community than in care homes. We found the pooled prevalence of clinically significant
sleep disturbance of people with dementia living at home to be 19% (95% Cl: 13 to 25%).
This was similar to the care home study, which found a pooled estimate of clinically

significant cases to be 20% (95% Cl: 16 to 25%) (Webster et al., 2020a).
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We found the pooled prevalence of sleep disturbances varied by dementia subtype, possibly
due to different underlying neuropathological processes associated with the disease
(Rongve et al., 2010). Symptoms of sleep disturbances were less common in those with
Alzheimer’s disease than Lewy body dementia. This is in line with a smaller previous study of
431 patients that found sleep disturbances were less prevalent in Alzheimer’s disease (48%)
compared to Lewy body dementia (66.7%) (Guarnieri et al., 2012) and with specific sleep
disturbance (REM behaviour sleep disorder) being one of the features which contributes to

a diagnosis of Lewy body dementia.

Meta-regression analysis revealed that prevalence estimates of sleep disturbances were not
affected by the year of publication, which ranged between 2002 and 2018. This indicates
that any possible advances in sleep disturbance treatment have not been reflected in
improvements for individuals with dementia. The average age of the participants did not
affect the prevalence estimates of sleep disturbance, which is in line with a previous study
(Webster et al., 2020a). Our study also found no association between the percentage of
males and the prevalence, suggesting sex does not affect the likelihood of experiencing

sleep disturbances in people with dementia living in the community.

Another factor that varied across studies was the measure of sleep disturbances. Even
though the NPI and NPI-Q have been cross-validated, the prevalence of symptoms reported
on them can differ by as much as 15% (Boada et al., 2002; Camozzato et al., 2014). This
could be because the NPI-Q sleep screening question is broader than that of the NPI. The

measures are also administered in a different format, which could introduce bias, however,
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in this instance the meta-regression analyses revealed that the method of measurement did

not significantly affect the prevalence estimates of sleep disturbances.

The majority of studies in our meta-analysis employed population-based sampling. But in
three studies, participants were selected from a consecutive series of patients presenting to
memory clinics. Because NPS are an important feature of why individuals with dementia
present to clinics (Peters et al., 2006), this may have increased the prevalence estimates of
sleep disturbances. However, our analysis showed that the sampling method did not affect

the results of individual studies.

4.1 Strengths and weaknesses of the review

We searched three databases with no restrictions on language and included studies
conducted across four continents, increasing the generalizability of the findings. Overall,
48% of the included participants were from low-to-middle income countries (LMICs). Given
that around 60% of people with dementia live in LMICs (Prince et al., 2015), this was a
better representation of people living in those countries than in most dementia research
(Sexton et al., 2021). Conducting a sub-group analysis and meta-regressions to identify

sources of heterogeneity between the studies was also a strength.

Quality assessment by two reviewers independently using the MMAT indicated low risk of
sampling and selection bias in primary studies. Information bias might be present as NPl and
NPI-Q, are observer-rated instruments and they do not directly evaluate sleep disturbances
but rely on information gathered from the informants. However, they are validated and

reliable measures, and meta-regression did not find a difference between the prevalence
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rates depending on which method of measurement was used. Although we included any
instrument, most studies had used the NPI to assess sleep. There was a presence of non-
response bias in several studies, which was accounted for by conducting sensitivity analyses
of only studies with an acceptable response rate. Funnel plot asymmetry for studies
reporting the prevalence of clinically significant cases of sleep disturbances indicated the
presence of non-reporting bias. As prevalence estimates are unlikely to be affected by
publication bias, other sources such as poor methodological quality, true heterogeneity,
artefactual and chance could account for the funnel plot asymmetry (Sedgwick, 2013; Page
et al., 2021). There was no indication of reporting bias for studies reporting the prevalence

of sleep disturbance symptoms.

Only three included studies assessed sleep disturbances in dementia subtypes, so we were
unpowered to show differences between all the subtypes. There are also relatively few
studies, so there are fewer people in the rare dementia groups and there may be more
differences between the subtypes that we were unable to detect. Moreover, we were
unable to explore other potential sources of heterogeneity because relevant information
such as dementia severity was not routinely reported. Secondly, most people living with
dementia have other illnesses, for example depression, physical disability and pain, that may
in itself cause sleep disturbances (Browne et al., 2017; Gulia & Kumar, 2018). However, as
the included studies did not report such data, we were not able to comment on whether
these problems caused sleep disturbances, either independently or together with dementia.
While it is a strength that studies were quite diverse in terms of geographic region, as most
studies in dementia come from higher income countries this may have contributed to

differences in prevalence of sleep disorders by dementia subtypes.
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There is high but acceptable heterogeneity. Over 75% is used as a cut-off to indicate

considerable heterogeneity and lack of generalisability (Deeks et al., 2019).

4.2 Implications of the findings

This study shows that sleep disturbances are common in people with dementia living at
home. There are, however, currently no treatments with conclusive effectiveness for sleep
disturbances in dementia (Forbes et al., 2014; Gibson et al., 2016; Kinnunen et al., 2017;
McCleery et al., 2014; Tewary et al., 2016). This is reflected in our study as the prevalence of
sleep disturbances did not change over the years, indicating that current treatments are not

making an impact.

Reducing the prevalence of sleep disturbances in dementia thus remains an important
challenge, especially due to the relatively high prevalence of sleep disturbances reported
across studies, combined with the detrimental effects sleep disturbances have on both
people with dementia and their family caregivers (Cipriani et al., 2015; Cole & Richards et
al., 2005; Gibson et al., 2014; Jaussent et al., 2011; Ooms et al., 2016; Peng et al., 2018;
Webster et al., 2020). Differential prevalence levels for differential subtypes indicates the

importance for clinicians to be aware of the increased risks for different groups.

Further longitudinal studies may inform us whether sleep disturbances in people with
dementia living in the community resolve on their own. This, however, seems unlikely given
that a recent study of people with dementia living in care homes found that sleep

disturbance symptoms resolved for only just over a quarter of people (Webster, 2020).
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Given the high prevalence of sleep disturbances, a future research priority should be to
understand the other effects that sleep disturbances have on people with dementia. The
potential for interventions to increase the time that people with dementia can live well at
home and delay transition to a care home should also be explored. Additionally, future
research should explore the effects that sleep disturbances have on cognition. There is
evidence that insomnia may increase the risk of dementia (de Almondes et al., 2016; Shi et
al., 2018), and it is thus worth investigating how sleep may impact cognition in people with
dementia, and further, if improved sleep could potentially help stabilise or even slow

cognitive decline in people with dementia.

In conclusion, we have demonstrated that sleep disturbances are prevalent in people with
dementia living in the community in many different countries, occurring more frequently in
people with Lewy body dementia than Alzheimer’s disease. We have also found no change
in prevalence rates over twenty years of studies, suggesting that there has been no

improvement in treatment received.
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Figure 1: PRISMA flow diagram of references identified and included in the review.
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Figure 2: Forest plot of the prevalence symptoms of sleep disturbances.



Aation of sl (203)

Caputo of al. {200

Habo o al (2013

Lyboatsoes ot ol (2002)

Owornll (12 = SZH3%, p o= 000}

ES (985 1)
|
—_——| 0.1 9008, 015
—— 036 {023,029
—— 095 §0.14, 0.18)
_——— 0220 §0.18, 0.24)

<> 0.19 {013, 0.25)

Waight

o

-1

Figure 3: Forest plot of the prevalence of clinically significant cases of sleep disturbances.

e
L]

32



Sty ESmENC)  wegn
an i
Fimandaz Maninaz ot o {2007) —0-5— 300, 04) 1480
Hosci o il (0 —— 1 WAl i, 08  ITAT
Ptk et ol (2014 — QOIS 048 1213
Sutiom (P2 m % pm | -i:::i B34 008,088 44D
1
VI i
Fimandaz Mainaz af ol (2007) - ; O 005,051 855
Honde o ol (0EY T o o, 080 TS
Pkt ol (265143 —_— G0, 058 082
Sulbiedal (P2 w % B ) -lilb- LE T NES 5]
1
B i
Fimancaz Matioaz ot . (2] T - QSOMLIN 0H) S0
Honda ot ol (3515 | — 40035, 088 284
Sutical (Pm % P ) i —_— = Q4B AT,081) 1828
FTD i
Flmiancae Manioaz ol @l (2007 * S0, 081) 237
Honds ot ol (1E%) +* A3 0, 05 &0S
Sutieanl (M2 m % pm ) —{;}—- O, 058 1032
Hirlanogiity bt groups: pe 0012 i
Crwaral [ m B6.55%, p w00, -q:'_:l“::- B0, 0.41) 10000
i
T T * T T 1
= o 5 1 15

Figure 4: Forest plot of the prevalence of symptoms of sleep disturbances by dementia

subtypes.



Funnel plot

=
L ]

8
- . '
o - »
=
@ [ ]

& [

g_ a

1 > 3 4
Effect size

Pseudo 95% CI ¥ Studies
Estimated 8,,

Figure 5: Funnel plot for studies reporting the prevalence of symptoms of sleep

disturbances.



Funnel plot

o
EE.- .
B
Bo
-4 .
]

& .

g_ | ]

. T T T T

1 15 2 25

Effect size

Pseudo 95% CI & Studies
Estimated 8,,

Figure 6: Funnel plot for studies reporting the prevalence of clinically significant cases of

sleep disturbances.



Appendix A
Embase, MEDLINE and PsycINFO were searched simultaneously using the Ovid interface on

30/04/2021.

1 (dementia or demented or Alzheimer*).mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kf, fx, dg, nm, ox,
pX, rx, an, ui, sy, tc, id, tm]

2 (sleep* or insomnia or circadian or night* or neuropsychiatric).mp. [mp=ti, ab, hw, tn, ot, dm, mf,
dv, kf, fx, dg, nm, ox, px, rx, an, ui, sy, tc, id, tm]

3 (prevalence or epidemiolog* or frequency).mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kf, fx, dg, nm,
0X, pX, rx, an, ui, sy, tc, id, tm]

4 limit 3 to humans [Limit not valid in APA Psyclnfo; records were retained]
5 1and2and3and4

Table 1: Study characteristics of studies included in the review

Study
qualit
y
Age
Sampl  (mea Dementi 12
esize n+ Male Dementia a Measur 3 4
Study Country (N) SD) s (%) type severity e used Total
146 AD; 32 vV
VD; 2 LBD;
Aalten et 3FTD; 6 v ?
al. - mixed; 5 Mean 3
Igecf)eeegnce Netherland 199 76.4 427 PDD; 4 MMSE N
s (8.0) PPA: 1 score
source not 7 18.09
found. alcohol
related
dementia
87.8% vV
Acosta- mild,
Castilloet Mexico 180 / 31.1 / 12.2% NPI-Q vV
al. 2012° moderate 4
to severe
Baiyewu 847 39 AD: 1 Mean vV
et al. Nigeria 40 (10.3) 12.5 Uns ’ ified MMSE NPI v X
0 . pecifie
2003 score 12.4 3
Baiyewu 833 29 AD: 5 Mean v v
et al. Nigeria 34 (9.2) 17.6 uns e'cified MMSE NPI J?
2012° : P score 12.8 3
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20.1% JV
mild
690 AD; g J ?
Caputoet 921 77.4 338  131VD; >4.6% NPI 3
al. 2008 100 LBD moderate,
25.3%
severe
Férnande JV
z 81 AD; 14 Mean
Martinez ~ Spain 108 ?slf) 29.6  VD; 10 MMSE NPI vV
etal. ' LBD; 3FTD  score 11.6 4
2008°
v Vv
Haiboet = . 1271 899 337 m/?snE NPI
al. 2013° (6.3) : v v
score 16.5 a
191 AD; 18 JV
VD; 55
’ Mean J?
Honda et LBD; 16 :
A1, 2013° Japan 317 75.0 476 FTD; 37 MMSE NPI 3
of score 18.4
unspecified
Paddick 38 AD; 32 v Vv
et al. Tanzania 78 85.0 28.2 VD; 3PDD; / NPI-Q J?
2014° 5 other 3
57.7% JV
Yoro- mild,
Zohoun 98 AD; 15  21.5% vV
ot al CFand DRC 130 750 / b moderate, NPI-Q 4
2018° 10.8%
severe
Lyketsos 770 258 AD; 86 v Vv
et al. us 362 (5)' 37 VD; 6 PDD; / NPI JV
2002° 12 other 4

SD - standard deviation; AD — Alzheimer’s disease; VD — vascular dementia; LBD — Lewy body
dementia; FTD — frontotemporal dementia; PDD — Parkinson’s disease dementia; PPA — primary
progressive aphasia; MMSE — Mini-Mental State Examination; sig. — significant; / - not reported; CF —
Central African Republic; DRC — Republic of Congo; NPl — Neuropsychiatric Inventory; NPI-Q —
Neuropsychiatric Inventory-Questionnaire
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Highlights
e Sleep disturbances are common among people with dementia living in the
community
e Sleep disturbances are especially common in people with Lewy body dementia

e There has been no improvement in treatment for sleep disturbances over time
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