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ABSTRACT

Aim. To identify sleep abnormalities in individuals at clinical high risk for psychosis (CHR-
P) or with schizophrenia spectrum disorders (SSD) compared to healthy controls (HC)
using wrist actigraphy, and to assess potential differences in the direction of effect with
self-reported assessments of sleep.

Methods. We conducted a systematic review of observational studies, with the search
last updated on April 29, 2024. Primary outcome was total sleep time (TST), with
secondary outcomes including time in bed (TIB), sleep latency, sleep efficiency, wake
after sleep onset, nighttime awakenings, and self-reported sleep quality. Random-
effects pairwise meta-analyses were used to summarise the effects of each outcome.

Results. Nineteen studies were included, with 18 contributing to the meta-analyses (202
CHR-P, 584 SSD, 582 HC). TST results were inconclusive for CHR-P (MD -4.88 min [95%
Cl, -20.57 to 10.81]), while SSD participants showed an increase in TST compared to HC
(MD 106.13 min [86.02 to 124.24]). Factors such as antipsychotic medications (pseudo-
R® = 88.14%), age (38.89%), and gender (26.29%) partially explained the heterogeneity
between subgroups. Additionally, CHR-P individuals exhibited reduced sleep efficiency
(MD -2.04% [-3.55 10 0.53]), whereas SSD participants had increased TIB (MD 121.58 min
[88.16 to 155.00]) and sleep latency (MD 13.05 min [2.11 to 24.00]). The risk-of-bias
assessment ranged from some concerns to high risk.

Conclusions. Our analyses identified sleep abnormalities in CHR-P and SSD compared
to placebo. However, observed heterogeneity and potential biases across studies may
limit the interpretability of findings. These limitations underscore the need for
standardised guidelines and more precise participant stratification.



KEY MESSAGES

What is already known on this topic:

Sleep abnormalities are common in individuals at clinical high risk for psychosis (CHR-
P) and those with schizophrenia spectrum disorders (SSD). Previous meta-analyses,
primarily focused on polysomnography, have identified distinct sleep abnormalities
across clinical stages of schizophrenia, from high-risk states to remitted schizophrenia.

What this study adds:

Our analysis of 18 studies - including 202 individuals with CHR-P, 584 with SSD, and 582
healthy controls - reveals that wrist actigraphy can identify sleep abnormalities in CHR-
P and SSD compared to healthy controls. Sleep abnormalities across these diagnostic
subgroups are influenced by participant characteristics and treatment with
antipsychotic medications. Additionally, high heterogeneity was identified, likely
influenced by the variability in wrist actigraphy devices, particularly in recording
frequency, with more precise recordings providing more consistent outcome.

How this study might affect research, practice, or policy:

Our study highlights the potential of wrist actigraphy in future research. As more data
becomes available, this will enable validation of our findings, and potentially aid
identification of digital phenotypes of sleep across different sub-groups of psychosis,
which could inform detection strategies and putative treatment target.

Additionally, this study underscores the need to standardise protocols and
characteristics for wrist actigraphy devices, to improve consistency and reliability of the
data.



BACKGROUND

Sleepis acomplex physiological process driven by intrinsic neural network and regulated
by circadian mechanisms, which entrain approximately to 24-hour cycles [1]. These
mechanisms regulate homeostatic functions and adapt to environmental and
behavioural factors, such as light exposure and feeding patterns [2]. Disruption to sleep
cycles affect not only physical health [3] but also mental health conditions [4]. In fact,
sleep abnormalities and insomnia are recognised as key diagnostic criteria in several

clinical rating scales for psychiatric disorders [5].

Sleep abnormalities impact the clinical trajectory of individuals at clinical high risk for
psychosis (CHR-P) and with schizophrenia spectrum disorders (SSD). They can trigger
the onset of symptoms in CHR-P individuals [6], increase the risk of relapse in patients
with SSD, exacerbate psychotic symptoms [7-9], impair quality of life [10], and increase

risk of suicide [11].

Polysomnography (PSG) is the gold standard to measure sleep objectively [12]. However,
its limitations include low longitudinal reliability, high costs, interrater variability in the
scoring, and limited acceptability [13]. By contrast, wearable technologies like
actigraphy are easy to use, cheap and thus simplify collection of longitudinal data [14-
16]. The American Academy of Sleep Medicine (AASM) has encouraged the use of wrist
actigraphy to estimate sleep in adults with sleep disorders, circadian rhythm disorders,

and mental health conditions, including schizophrenia [17].

Previous studies tried to summarise the evidence on sleep abnormalities in the context

of CHR-P and SSD, buttheyfocused on PSG studies [18-20]. One meta-analysis by Meyer



et al. [21] included studies using wrist actigraphy for sleep, but it accounted for just
seven studies on people with remitted schizophrenia. Since the publication of this paper

four years ago, new evidence has been produced.

OBJECTIVES

This comprehensive systematic review and meta-analysis aims to identify sleep
abnormalities in CHR-P and SSD compared to healthy controls, measured by at least
twelve hours of continuous wrist actigraphy recording in observational studies.
Secondarily, it aims to evaluate self-reported sleep assessment in the same studies to

assess potential differences in the direction of effect.

STUDY SELECTION AND ANALYSIS

The study protocol is available on Open Science Framework (osf.io/gjcdm).

We searched for any published and unpublished studies in PubMed, EMBASE, Medline,
Cochrane Central Register of Controlled Trials, international trial registries
(ClinicalTrials.gov, clinicalregistries.eu, WHO International Trial Registries) and
OpenGrey until April 29" 2024. Reference lists of included studies were also screened.
No language restriction was applied. Details on the search string are provided in
Supplemental Materials. We included observational studies using wrist actigraphy to
assess sleep of people at CHR-P and with SSD, in comparison with healthy controls.
People at CHR-P were diagnosed by using any established CHR-P psychometric

instruments (ultra-high risk: CAARMS, SIPS/SOPS, BSIP, EriRAOS; basic symptoms:



BSABS, SPI-A, SPI-CY), or diagnostic criteria (DSM-5 APS). Individuals at genetic risk for
psychosis were also included. People with SSD were diagnosed by using any standard
operationalised criteria, such as DSM-IIl, DSM-1V, DSM-5, ICD-10, and ICD-11. Studies
on affective disorders with psychotic features, and studies in which the comparator
group was composed by individuals with sleep disorders (or other psychiatric diagnosis)
were excluded. Reviews were not included, but their reference lists were screened.
Relevant conference abstracts and published study protocols were also collected to

seek the full publication or study data, when available.

Two researchers (RA, CA) independently screened and selected the studies, reviewed
published and unpublished reports, extracted data from the included studies, and
assessed the risk of bias. Any discrepancies were double-checked and resolved by
discussion with the other members of the team. For the outcomes of interest,
researchers extracted mean values and standard deviations (or confidence intervals and
standard errors when standard deviation was unavailable). For three-arm studies (two
non-controls and one control group), a combined mean was calculated by averaging the
outcomes of the two non-control arms. This combined mean was then used for the
analyses [22]. For studies not reporting the standard deviation value, it was calculated

from the confidence interval and sample size [22].

Outcome measures

The primary outcome was total sleep time (TST), as measured by wrist actigraphy.
Secondary outcomes included other actigraphy measures of sleep continuity, such as

time in bed (TIB), sleep latency, sleep efficiency, wakefulness after sleep onset (WASO),



and nighttime awakenings (NA). Self-reported assessments of sleep (PSQIl and AIS) were

also collected.

Risk-of-bias assessment - ROBINS-E

We used the ROBINS-E tool [23] to assess the risk of bias for our primary outcome across
the included studies, ensuring consistent scoring despite expected heterogeneity in non-

randomised study design.

Statistical analysis

We conducted random-effect pairwise meta-analyses in CHR-P and SSD, in comparison
with healthy controls. We used mean differences or standardised mean differences
based on whether study-specific outcomes were reported using a common metric or
not. We used restricted maximum likelihood (REML) to estimate the between-studies
variance T2 Heterogeneity was assessed using I> and > metrics, along with prediction
intervals around the pooled effect size. We assessed the small-study effect bias through
visual inspection of funnel plots and Egger’s test, which was applied when at least ten

studies were included in a pairwise comparison [22].

Subgroup analyses were conducted considering the duration of follow-up (less than one
week, or one week and more), the epoch of the actigraphy device (less than 60 seconds,
or equal and above 60 seconds), and the diagnostic subgroup (e.g. chronic
schizophrenia). Meta-regressions were performed based on the following set of pre-
planned co-variates: publication year, percentage of individuals taking antipsychotic
medications, age, gender, epoch, follow-up time, PANSS Total score severity, study

sample and geography.



FINDINGS

The searchyielded 2,177 records (Figure 1). After removing 891 duplicates, we screened
1,286 records, with 82 records qualifying for the full-text assessment phase. Ultimately,
19 studies met the eligibility criteria. The average severity of psychotic symptoms for all
included individuals was mild. Most of the studies used medical (non-consumer) devices
[24], except for three studies which used the Actiwatch 2 by Philips, a device that can be
classified as either consumer or non-consumer. The follow-up time ranged from one to
42 nights of continuous recordings. One study [25] reported the outcomes as median
values, and it did not contribute to the quantitative analysis. Therefore, 18 studies
contributed to our meta-analyses, with a total of 202 participants at CHR-P, 584
participants with SSD, and 582 healthy controls. The mean age of the participants at
CHR-P was 20.7 years, with 51.3% females; the mean age of the participants with SSD
was 37.7 years, with 36.7% females. In the healthy control groups, mean age was similar
to the corresponding CHR-P/SSD group, but there were differences in terms of gender:
with lower proportion of females (46.8%) in the control group for CHR-P; and higher
proportion of females (48.8%) in the control group for SSD. Supplementary Table 1
summarises the characteristics of the studies included in the review.

In terms of risk of bias, five out of eighteen studies (27.78%) had a high risk of bias, while
the remaining thirteen (72.22%) had some concerns. No studies were rated at low risk of

bias (more details in Supplementary Figures 1 and 2).

Primary outcome - total sleep time

For individuals at CHR-P (5 studies, 202 at-risk individuals and 140 healthy controls) no

difference was found in total sleep time (TST) (MD -4.88 min [95% CI, -20.57 to 10.81]);



however, individuals with SSD (13 studies, 574 participants and 442 healthy controls)
showed an increased TST with a MD of 106.13 min (95% ClI, 86.02 to 124.24), even when
the prediction interval was considered (44.59 to 167.68) (see Figure 2a; more details in

Supplementary Figures 3 - 48).

Secondary outcomes

Time in bed

For individuals at CHR-P (2 studies, 87 CHR-P individuals and 52 healthy controls) no
differenceintime spentin bed (TIB) was found (MD 3.49 min [95% Cl, -181.81 to 188.79]).
By contrast, individuals with SSD (4 studies, 145 SSD and 104 healthy controls) showed
an increased TIB with a MD of 121.58 minutes ([95% CI, 88.16 to 155.00]; prediction

interval [48.73to 194.43]) (see Figure 2b; more details in Supplementary Figures 49 - 54).

Sleep Latency

Only one study was available for individuals at CHR-P (19 individuals CHR-P and 16
healthy controls), but it yielded inconclusive results (MD 1 min [95% ClI, -3.97 to 5.97]).
However, for individuals with SSD (6 studies, 240 SSD and 177 healthy controls), an
increased sleep latency of 13.05 min was found (95% CI, 2.11 to 24) with a prediction
interval spanning from -9.45 to 35.55 (see Figure 3a; more details in Supplementary

Figures 55 - 60).



Sleep Efficiency

Individuals at CHR-P (5 studies, 202 CHR-P, 160 healthy controls) showed a reduced
sleep efficiency by a MD of 2.04% ([95% ClI, -3.55 to 0.53]; prediction interval [-4.41 to
0.33]). No difference was found for individuals with SSD (9 studies, 387 SSD and 248
healthy controls) (MD, -0.43% [95% CI, -1.89 to 1.03]) (see Figure 3b; more details in

Supplementary Figures 61 - 66).

Wake after sleep onset (WASO)

There was no difference in terms of WASO for individuals at CHR-P (MD, 7.96 min [95%
Cl, -7 to 22.91; 4 studies, 183 CHR-P and 144 healthy controls), or for individuals with
SSD (MD, 17.87 min [95% CI, -8.7 to 44.22]; 5 studies, 360 SSD and 46 healthy controls)

(see Figure 4a; more details in Supplementary Figures 67 - 72).

Nighttime awakenings (NA)

No differences in NA were found for individuals at CHR-P (2 studies, 104 CHR-P, 67
healthy controls)(MD, 0.98 awakenings [95% CI, -10.83 to 12.80]), or for individuals with
SSD (3 studies, 79 SSD and 79 healthy controls)(MD, 13.7 awakenings [95% CI, -5.31 to

9.51]) (see Figure 4b; more details in Supplementary Figures 73 - 78).

Self-reported assessments of sleep (PSQIl and AlS)
For individuals at CHR-P, data were available from only one study (41 CHR-P and 41
healthy controls), which showed inconclusive results (SMD 0.34 [95% Cl, -0.61 to 1.30]).

We found no difference in the self-reported sleep assessments for individuals with SSD

10



(8 studies, 60 SSD and 62 healthy controls), with a SMD of 0.28 ([95% ClI, -0.43 to 0.99])

(more details in Supplementary Figures 79 - 84).

Additional analyses for our primary outcome

We did not find differences in our sensitivity and meta-regression analyses within the two
diagnostic subgroups. However, for people with SSD, subgroup analyses showed that
studies using actigraphy with more frequent epochs (<60 sec) have consistent results
and minimal heterogeneity (MD, 119.58 min [95%CI, 97.61 to 141.55]; prediction interval
[85.36 to 153.81]). Finally, meta-regression analyses including all individuals (SSD and
CHR-P) showed that the between-studies heterogeneity in TST can be explained by
moderators, such as the percentage of individuals taking antipsychotics (pseudo-R? =
88.14%; B = 141.65), age (pseudo-R? = 38.89%; B = 3.26), and gender (pseudo-R? =

26.29%; B =-217.49) (see Supplementary Figures 9- 11).

CONCLUSION AND CLINICAL IMPLICATIONS

We carried out a systematic review and meta-analysis to identify sleep abnormalities in

individuals with SSD and those at CHR-P using wrist actigraphy.

We found that individuals with SSD reported an increase in total sleep time compared to
healthy controls, while those at CHR-P produced inconclusive results. We also showed
that individuals with SSD spend more time in bed and have increased sleep latency,

whereas those at CHR-P exhibit reduced sleep efficiency.
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The interplay between schizophrenia and sleep is complex [26]. It has been suggested
that dopaminergic pathways may play a crucial role in this relationship. Specifically,
hyperactivity of D2 receptors in the striatum, which contributes to the positive symptoms
of schizophrenia, may also influence wakefulness and lead to sleep abnormalities [27].
This hypothesis is supported by murine models showing altered REM-like
electrophysiological patterns [27], as well as human studies indicating that dopamine-
antagonist medications can improve sleep [28, 29]. In our study, a meta-regression
model revealed that the percentage of individuals taking antipsychotics greatly explained
the variability in total sleep time across individuals with SSD and CHR-P: a higher
percentage of individuals receiving antipsychotic treatment was associated with greater
total sleep time. Although the literature suggests that approximately 40% of CHR-P
receive antipsychotic treatment [30], only a small proportion of the individuals included
in our meta-analyses was treated with antipsychotics. In contrast, consistent with the
literature, the majority of SSD in the included studies was treated with one or more
antipsychotics [31], which can impact sleep in various ways [32]. A recent nationwide
study [33] found that antipsychotics, as a drug class, generally improve sleep
abnormalities in patients with SSD, but they may also contribute to increase total sleep
time. However, the effects of antipsychotics on sleep vary depending on their specific
affinities for dopaminergic, histaminergic, noradrenergic, muscarinic, and cholinergic
receptors [34]. For example, clozapine is strongly associated with longer total sleep time
and improved sleep quality [35], whereas aripiprazole and quetiapine are linked to poorer
sleep quality and sleep disruption [36, 37]. Unfortunately, only a few of the included

studies provided information on the specific antipsychotic treatments taken by
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participants. As a result, we were unable to stratify the analysis by specific antipsychotic

treatments or subgroup classifications (e.g., typical versus atypical antipsychotics).

In addition to antipsychotic treatment, age and gender also contributed to the variability
observed across CHR-P and SSD individuals. Mean age influenced total sleep time, with
older individuals experiencing a greater increase in total sleep time compared to healthy
controls. Since individuals at CHR-P are generally younger than SSD [31], they may
exhibit milder clinical manifestations, including less severe sleep abnormalities [20, 31].
Higher percentage of women were associated with areduced total sleep time. It has been
proposed that oestrogen and other hormones may play a role on the overall course of the
disease, potentially dampening the severity of psychotic symptoms [38]. This may partly
explain why higher percentages of women were associated to less severe disruptions in

total sleep time in our study population, where the mean age was 34 years.

The agreement between actigraphy and PSG sleep continuity measures is known to
decrease in populations with more fragmented and irregular sleep-wake patterns, such
as SSD individuals. Therefore, the agreement between these methods in this population
is typically defined as low to moderate [39]. Our findings align with a previous meta-
analysis of actigraphy studies in individuals with remitted schizophrenia [21], which
reported increased total sleep time, time in bed and sleep latency. However, two meta-
analyses of polysomnography (PSG) studies produced opposite results for total sleep
time and time in bed [18, 19], highlighting potential discrepancies between these
methodologies. Such differences may arise from the contexts in which data are

collected: PSG is often conducted in clinical settings, where anxiety or unfamiliarity with
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the environment may alter sleep patterns [40], whereas actigraphy is recorded in
naturalistic home settings over multiple days, potentially providing more representative
estimates [14]. Comparative studies of actigraphy and PSG have reported variable
results. While many suggest comparable sleep estimates [41], others indicate that
actigraphy may overestimate total sleep time and underestimate sleep latency [42], or
alternatively, underestimate total sleep time and overestimate sleep latency [43].
Including sleep diaries or self-report measures alongside actigraphy improves agreement
with PSG, with some studies demonstrating non-inferiority [41]. Despite these
limitations, actigraphy remains a valuable tool for studying sleep in SSD due to its low

cost, high acceptability, and feasibility for longitudinal monitoring [14, 17].”

For our secondary research question, we aimed to assess potential differences in the
direction of effect between sleep continuity parameters, as assessed by wrist actigraphy,
and self-reported assessments of sleep, the current gold standard. However, the limited
number of studies providing self-reported data led to uncertain results. Previous
research has compared self-reported sleep with actigraphy data in individuals with
schizophrenia [44], revealing that sleep diaries often overestimate total sleep time, sleep
latency, and sleep efficiency. However, no studies have specifically examined these

discrepancies in individuals with CHR-P and SSD.

Our study has some limitations. According to the ROBINS-E tool, nearly 25% of the
included studies were judged to be at high risk of bias, while the remaining 75% were
assessed as having some concerns, with issues being identified mainly at domains 3 and

7. We found a low risk of bias in domain 2 (risk of bias arising from measurement of the
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exposure) and domain 6 (risk of bias arising from measurement of the outcome) across
all studies. In domain 3 (risk of bias in the selection of participants), studies involving
individuals at CHR-P consistently showed a low risk of bias, while those involving
individuals with SSD raised some concerns. For the study by Mayeli et al. [45], we
identified a high risk of bias in domain 5 (risk of bias due to missing data). However, we
acknowledged the authors' efforts to mitigate this bias through transparent methods that
provided justification for their missing data and included appropriate sensitivity
analyses. As aresult, we upgraded the overall risk of bias for this study to some concerns.
To assess whether studies at higher risk of bias could influence the pooled effect sizes,
we conducted sensitivity analyses excluding studies with an overall high risk of bias.
These analyses showed no differences across all results, except for sleep latency, where
the confidence intervals crossed the line of no effect, rendering this result uncertain (see

Supplementary Figures 85 - 90).

While using actigraphy has its advantages [14, 17], the lack of standardisation in study
design and device selection introduces heterogeneity [46], which limits the
interpretability of findings. In line with this, our analyses revealed that studies employing
actigraphy devices with higher sampling frequencies (epochs < 60 seconds) produced
more consistent results and lower heterogeneity across all examined parameters.
Furthermore, the use of varying algorithms for data processing across studies raises
concerns about data comparability and external validity [43]. A recent paper by
Neishabouri et al. [46] highlighted that achieving shared interoperability of algorithms
and consistency in data interpretation is essential for ensuring precise results and

advancing the clinical application of wearable actigraphy, which is still limited.
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Despite its limitations, our study highlights the potential of wrist actigraphy in future
research [17]. As more data becomes available, this will enable validation of our findings,
and potentially aid identification of digital phenotypes of sleep [48] across different sub-
groups of psychosis, which could inform detection strategies and putative treatment
target. Finally, we advocate for collaborative decision-making among patients, clinicians,
and regulatory agencies to establish standardised characteristics for actigraphy devices
used in clinical settings and research [46]. Future studies should address how intrinsic
variability in sleep continuity parameters might affect the generalisation of results [49],
enhancing the precision of outcome analyses and enabling accurate stratification of
patient subgroups. Such personalised strategies will support the transition from a one-

size-fits-all model to more individualised care [50].
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FIGURE LEGENDS

Figure 1. PRISMA 2020 flow diagram for systematic review. Figure 2a. Total Sleep Time by
diagnostic sub-groups (mean difference expressed in minutes); Figure 2b. Time in Bed
by diagnostic sub-groups (mean difference expressed in minutes). Figure 3a. Sleep
Latency by diagnostic sub-groups (mean difference expressed in percentage); Figure 3b.
Sleep Efficiency by diagnostic sub-groups (mean difference expressed in minutes).
Figure 4a. Wake after Sleep Onset by diagnostic sub-groups (mean difference expressed
in minutes); Figure 4b. Nighttime awakenings by diagnostic sub-groups (mean difference
expressed in episodes).

18



REFERENCES

1. Baranwal N, Yu PK, Siegel NS. Sleep physiology, pathophysiology, and sleep
hygiene. Prog Cardiovasc Dis.2023;77:59-69. doi:10.1016/j.pcad.2023.02.005.

2. \Vetter C. Circadian disruption: What do we actually mean? Eur J Neurosci.
2020;51(1):531-50. doi:10.1111/ejn.14255.

3. Jobanputra AM, Scharf MT, Androulakis IP, et al. Circadian disruption in critical
illness. Front Neurol. 2020;11:820. doi:10.3389/fneur.2020.00820.

4. Freeman D, Sheaves B, Waite F, et al. Sleep disturbance and psychiatric
disorders. Lancet Psychiatry. 2020;7(7):628-37. doi:10.1016/S2215-
0366(20)30136-X.

5. Ohayon MM, Reynolds CF 3rd. Epidemiological and clinical relevance of
insomnia diagnosis algorithms according to the DSM-1V and the International
Classification of Sleep Disorders (ICSD). Sleep Med. 2009;10(9):952-60.
doi:10.1016/j.sleep.2009.07.008. Erratum in: Sleep Med. 2010;11(2):227. PMID:
19748312; PMCID: PMC3715324.

6. ScottJ, Kallestad H, Vedaa O, et al. Sleep disturbances and first onset of major
mental disorders in adolescence and early adulthood: A systematic review and
meta-analysis. Sleep Med Rev. 2021;57:101429.
doi:10.1016/j.smrv.2021.101429.

7. Reeve S, Nickless A, Sheaves B, et al. Sleep duration and psychotic experiences
in patients at risk of psychosis: A secondary analysis of the EDIE-2 trial.

Schizophr Res. 2019;204:326-33.

19



8. Carruthers SP, Brunetti G, Rossell SL. Sleep disturbances and cognitive
impairment in schizophrenia spectrum disorders: A systematic review and
narrative synthesis. Sleep Med. 2021;84:8-19. doi:10.1016/j.sleep.2021.05.011.

9. Meyer N, Joyce DW, Karr C, et al. The temporal dynamics of sleep disturbance
and psychopathology in psychosis: A digital sampling study. Psychol Med.
2022;52(13):2741-50. doi:10.1017/S0033291720004857.

10. Subramaniam M, Abdin E, Shahwan S, et al. Prevalence, correlates and
outcomes of insomnia in patients with first episode psychosis from a tertiary
psychiatric institution in Singapore. Gen Hosp Psychiatry. 2018;51:15-21.

11. Miller BJ, Parker CB, Rapaport MH, et al. Insomnia and suicidal ideation in
nonaffective psychosis. Sleep. 2019;42(42). doi:10.1093/sleep/zsz042.

12. Rundo JV, Downey R 3rd. Polysomnography. Handb Clin Neurol. 2019;160:381-
92. doi:10.1016/B978-0-444-64032-1.00025-4.

13. Frase L, Nissen C, Spiegelhalder K, et al. The importance and limitations of
polysomnography in insomnia disorder—a critical appraisal. J Sleep Res.
2023;32(6):€14036. doi:10.1111/jsr.14036.

14. Marino M, Li Y, Rueschman MN, et al. Measuring sleep: Accuracy, sensitivity, and
specificity of wrist actigraphy compared to polysomnography. Sleep.
2013;36(11):1747-55. doi:10.5665/sleep.3142.

15. Doherty A. Circadian rhythms and mental health: Wearable sensing at scale.
Lancet Psychiatry. 2018;5(6):457-8. doi:10.1016/S2215-0366(18)30172-X.

16. Ancoli-Israel S, Cole R, Alessi C, et al. The role of actigraphy in the study of sleep

and circadian rhythms. Sleep. 2003;26(3):342-92. doi:10.1093/sleep/26.3.342.

20



17.

18.

19.

20.

21.

22.

23.

Smith MT, McCrae CS, Cheung J, et al. Use of actigraphy for the evaluation of
sleep disorders and circadian rhythm sleep-wake disorders: An American
Academy of Sleep Medicine clinical practice guideline. J Clin Sleep Med.
2018;14(7):1231-7. doi:10.5664/jcsm.7230.

Chan MS, Chung KF, Yung KP, et al. Sleep in schizophrenia: A systematic review
and meta-analysis of polysomnographic findings in case-control studies. Sleep
Med Rev. 2017;32:69-84. d0i:10.1016/j.smrv.2016.03.001.

Chouinard S, Poulin J, Stip E, et al. Sleep in untreated patients with
schizophrenia: A meta-analysis. Schizophr Bull. 2004;30(4):957-67.
doi:10.1093/oxfordjournals.schbul.a007145.

Bagautdinova J, Mayeli A, Wilson JD, et al. Sleep abnormalities in different
clinical stages of psychosis: A systematic review and meta-analysis. JAMA
Psychiatry. 2023;80(3):202-10. doi:10.1001/jamapsychiatry.2022.4599.

Meyer N, Faulkner SM, McCutcheon RA, et al. Sleep and circadian rhythm
disturbance in remitted schizophrenia and bipolar disorder: A systematic review
and meta-analysis. Schizophr Bull. 2020;46(5):1126-43.
doi:10.1093/schbul/sbaa024.

Higgins JPT, Thomas J, Chandler J, et al. Cochrane Handbook for Systematic
Reviews of Interventions version 6.4 (updated August 2023). Cochrane; 2023.
Available from: www.training.cochrane.org/handbook.

Higgins JPT, Morgan RL, Rooney AA, et al. A tool to assess risk of bias in non-
randomized follow-up studies of exposure effects (ROBINS-E). Environ Int.

2024;108602. doi:10.1016/j.envint.2024.108602.

21



24.

25.

26.

27.

28.

29.

30.

31.

Dobson R, Stowell M, Warren J, et al. Use of consumer wearables in health
research: Issues and considerations. J Med Internet Res. 2023;25 .
doi:10.2196/52444. PMID: 37988147; PMCID: PMC10698659.

Lauerma H, Niskanen L, Lehtinen |, et al. Abnormal lateralization of motor
activity during sleep in schizophrenia. Schizophr Res. 1994;14(1):65-71.
doi:10.1016/0920-9964(94)90010-8.

Ferrarelli F. Sleep abnormalities in schizophrenia: State of the art and next steps.
Am J Psychiatry. 2021;178(10):903-13. d0i:10.1176/appi.ajp.2020.20070968.
Dzirasa K, Ribeiro S, Costa R, et al. Dopaminergic control of sleep-wake states. J
Neurosci. 2006;26(41):10577-89.

Eder DN, Zdravkovic M, Wildschigdtz G. Selective alterations of the first NREM
sleep cycle in humans by a dopamine D1 receptor antagonist (NNC-687). J
Psychiatr Res. 2003;37(4):305-12.

Jones HM, Pilowsky LS. Dopamine and antipsychotic drug action revisited. BrJ
Psychiatry. 2002;181(4):271-5.

Fusar-Poli P, Spencer T, De Micheli A, et al. Outreach and support in South-
London (OASIS) 2001-2020: Twenty years of early detection, prognosis and
preventive care for young people at risk of psychosis. Eur
Neuropsychopharmacol. 2020;39:111-122.
doi:10.1016/j.euroneuro.2020.08.002. Epub 2020 Sep 10. PMID: 32921544,
PMCID: PMC7540251.

Cooper SM, Fusar-Poli P, Uhlhaas PJ. Characteristics and clinical correlates of

risk symptoms in individuals at clinical high-risk for psychosis: A systematic

22



32.

33.

34.

35.

36.

37.

38.

39.

review and meta-analysis. Schizophr Res. 2023;254:54-61.
doi:10.1016/j.schres.2023.02.011.

Monti JM, Torterolo P, Perumal SR. The effects of second generation
antipsychotic drugs on sleep variables in healthy subjects and patients with
schizophrenia. Sleep Med Rev. 2017. doi:10.1016/j.smrv.2016.05.002.
Cederlof E, Holm M, Taipale H, et al. Antipsychotic medications and sleep
problems in patients with schizophrenia. Schizophr Res. 2024;267:230-8.
doi:10.1016/j.schres.2024.03.015.

Fang F, Sun H, Wang Z, et al. Antipsychotic drug-induced somnolence:
Incidence, mechanisms, and management. CNS Drugs. 2016;30(9).
doi:10.1007/s40263-016-0352-5.

Miller BJ, McEvoy JP, McCall WV. Meta-analysis of clozapine and insomnia in
schizophrenia. Schizophr Res. 2023;252. doi:10.1016/j.schres.2023.01.018.
Miller BJ, McCall WV. Insomnia and suicide as reported adverse effects of
second-generation antipsychotics and mood stabilizers. J Clin Sleep Med.

2022;18(2). doi:10.5664/jcsm.9646.

Stip E, Tourjman V. Aripiprazole in schizophrenia and schizoaffective disorder: A

review. Clin Ther. 2010;32(Suppl 1). doi:10.1016/j.clinthera.2010.01.021.

Chua WL, de Izquierdo SA, Kulkarni J, et al. Estrogen for schizophrenia. Cochrane

Database Syst Rev. 2005; (4).d0i:10.1002/14651858.CD004719.pub2. PMID:

16235377.

Sansom K, Reynolds A, McVeigh J, et al. Estimating sleep duration: performance

of open-source processing of actigraphy compared to in-laboratory

23



40.

41.

42.

43.

44.

45.

46.

polysomnography in the community. Sleep Adv. 2023;4(1):zpad028.
doi:10.1093/sleepadvances/zpad028.

Byun JH, Kim KT, Moon HJ, et al. The first night effect during polysomnography,
and patients' estimates of sleep quality. Psychiatry Res. 2019;274:27-9.
doi:10.1016/j.psychres.2019.01.045.

Kaplan KA, Talbot LS, Gruber J, et al. Evaluating sleep in bipolar disorder:
Comparison between actigraphy, polysomnography, and sleep diary. Bipolar
Disord. 2012;14(8):870-9. doi:10.1111/bdi.12021.

McCall C, McCall WV. Comparison of actigraphy with polysomnography and
sleep logs in depressed insomniacs. J Sleep Res. 2012;21(1):122-7.
doi:10.1111/j.1365-2869.2011.00917 .x.

Alakuijala A, Sarkanen T, Jokela T, Partinen M. Accuracy of actigraphy compared
to concomitant ambulatory polysomnography in narcolepsy and other sleep
disorders. Front Neurol. 2021;12:629709. doi:10.3389/fneur.2021.629709.
Chung KF, Poon YPY, Ng TK, et al. Subjective-objective sleep discrepancy in
schizophrenia. Behav Sleep Med. 2020;18(5):653-67.
doi:10.1080/15402002.2019.1656077.

Mayeli A, LaGoy AD, Smagula SF, et al. Shared and distinct abnormalities in
sleep-wake patterns and their relationship with the negative symptoms of
schizophrenia spectrum disorder patients. Mol Psychiatry. 2023;28(10):2049-
2057. https://doi.org/10.1038/s41380-023-02050-x

Patterson MR, Nunes AAS, Gerstel D, et al. 40 years of actigraphy in sleep
medicine and current state of the art algorithms. NPJ Digit Med. 2023;6(1):51.

doi:10.1038/s41746-023-00802-1.

24



47.Neishabouri A, Nguyen J, Samuelsson J, et al. Quantification of acceleration as
activity counts in ActiGraph wearable. Sci Rep. 2022;12(1):11958.
doi:10.1038/s41598-022-16003-x.

48. Maruani J, Mauries S, Zehani F, et al. Exploring actigraphy as a digital
phenotyping measure: A study on differentiating psychomotor agitation and
retardation in depression. Acta Psychiatr Scand. 2024. doi:10.1111/acps.13739.

49.Sun W, Cheung FTW, Chan NY, et al. The impacts of intra-individual daily sleep
variability on daytime functioning and sleep architecture in healthy young adults:
An experimental study. J Sleep Res. 2024;33(3)doi:10.1111/jsr.13967.

50. Lenze E, Torous J, Arean P. Digital and precision clinical trials: Innovations for
testing mental health medications, devices, and psychosocial treatments.
Neuropsychopharmacology. 2024;49(1):205-14. doi:10.1038/s41386-023-01664-

7.

25



