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Abstract

Actigraphy is a non-invasive method of monitoring circadian rhythms and motor activity. We systematically reviewed extant
evidence until September 2018 pertaining to actigraphy use in schizophrenia, its clinical/biological correlates and posit
future research directions. Within 38 included studies involving 2700 subjects, patients with schizophrenia generally have
lower motor activity levels, poorer sleep quality and efficiency, increased sleep fragmentation and duration compared with
healthy controls. Lowered motor activity and longer sleep duration in patients were associated with greater severity of nega-
tive symptoms. Less structured motor activity and decreased sleep quality were associated with greater severity of positive
symptoms, worse cognitive functioning involving attention and processing speed, illness chronicity, higher antipsychotic
dose, and poorer quality of life. Correlations of actigraphic measures with biological factors are sparse with inconclusive
results. Future studies with larger sample sets may adopt a multimodal, longitudinal approach which examines both motor
and sleep activity, triangulates clinical, actigraphic and biological measures to clarify their inter-relationships and inform
risk prediction of illness onset, course, and treatment response over time.
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Introduction

Schizophrenia is a major psychiatric disorder which affects
not only the thoughts and cognition, but also the emo-
tions, behaviour, daily functioning, and quality of life of
those afflicted (Costa et al. 2018; Garcia et al. 2018; Strass-
nig et al. 2018). Sleep disturbance is a common symptom
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associated with the disorder (Chouinard et al. 2004) and can
be a significant predisposing, precipitating or perpetuating
factor affecting the non-remission or relapse of the illness
(Afonso et al. 2014; Reeve et al. 2015; Van Kammen et al.
1986). In addition, positive and negative symptoms expe-
rienced in schizophrenia have been associated with motor
and sleep activity in schizophrenia (Baandrup and Jennum
2015; Kurebayashi and Otaki 2017; Mulligan et al. 2016;
Shin et al. 2016). Hence, there has been continuous inter-
est in better evaluating sleep patterns and motor activity of
patients as clinical markers of treatment outcomes and ill-
ness course over time (Birkhofer et al. 2013; Walther et al.
2015a, b).

Actigraphy is a non-invasive method of monitoring
human rest and activity cycles including circadian rhythms
and motor activity trends (Teicher 1995). It can measure a
range of sleep-related parameters (for example, total sleep
duration, sleep onset latency, wake after sleep onset, sleep
efficiency, fragmentation) as well as motor activity variables
(for example, activity counts, duration of activity, periods
of inactivity, movement index). This facilitates assessment
of these different parameters and their relationships with
other clinical factors such as phenomenology, personal
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functioning, treatment response, illness trajectory and even
biobehavioural markers such as serum and imaging param-
eters (Docx et al. 2017; Kluge et al. 2018). While most actig-
raphy monitors are watch-like devices worn on the wrist,
some are worn as patches or electrodes on the chest, hip or
limbs (Brown et al. 1990).

Since the accelerated use of clinical actigraphy in the
1990s (Brown et al. 1990; Sadeh et al. 1991), its application
has been extended to neuropsychiatric disorders including
affective disorders, attention deficit hyperactivity disorder
(De Crescenzo et al. 2016; Scott et al. 2017; Teicher et al.
1997) and dementia (Khan et al. 2018). Initially, actigraphy
has been relatively less applied to the examination of activity
patterns in psychotic disorders, as seen in an earlier system-
atic review of 14 studies (Tahmasian et al. 2013). Since then,
there has been increasing efforts to assess these actigraphic
measures in the context of schizophrenia, and combining
them with other biological and clinical parameters, includ-
ing treatment.

In view of the clinical importance of better evaluating
activity patterns and biobehavioural correlates in schizo-
phrenia, as well as recent advances in this field since the
last review of published studies until 2011 (Tahmasian et al.
2013), we conducted a systematic review to synthesise the
extant evidence pertaining to the utility of actigraphy in
schizophrenia and their clinical and biological correlates. In
addition, we posited current limitations and future research
implications and directions.

Methods
Literature search

We searched the National Centre of Biotechnology Informa-
tion (NCBI), Pubmed/Medline and Cochrane databases for
empirical studies related to the use of actigraphy in schizo-
phrenia subjects, reported until September 2018. Potentially
useful reports were screened as abstracts based on the inclu-
sion criteria listed below. We reviewed promising studies
as full reports and screened their bibliographies for addi-
tional references. Keywords for the literature search included
“schizophrenia”, “psychotic”, “actigraphy”, “actimetry”,
“activity sensors”, either alone or as a combination of terms.

Inclusion/exclusion criteria

Reports were selected for inclusion if: (a) they involved
empirical studies adopting actigraphy assessment and
involved subjects diagnosed with schizophrenia by stand-
ard international criteria such as DSM or ICD; and (b) were
in English.

@ Springer

Data extraction

For each individual study, we extracted variables including
the number and type of subjects, socio-demographic charac-
teristics, methods of actigraphy evaluation, other clinical or
biological measures employed and salient findings.

Data synthesis

The preceding data were organised in digitalised spread-
sheets and then summarised in tables to guide prepara-
tion of critical assessments included in this study as well
as independent consideration by readers. We considered
essential findings with respect to assessment of motor and/
or sleep activity patterns using actigraphy and clinical and
biobehavioural correlates in human subjects diagnosed with
schizophrenia.

Results
Retrieved studies

A total of 65 studies were identified in the search of the data-
bases, of which 16 were excluded as they did not meet inclu-
sion criteria. Out of the remaining 49 full-text articles that
were eventually assessed for eligibility, 11 were excluded
due to reasons as follows: one was an earlier systematic
review (Tahmasian et al. 2011), two were case studies (Haug
et al. 2000; Wulff et al. 2006), seven did not include relevant
patients (Cosgrave et al. 2018; Gongalves et al. 2016; Kiang
et al. 2003; Lunsford-Avery et al. 2015, 2017; Mittal et al.
2013; Reeve et al. 2017), and one did not perform subgroup
analyses of schizophrenia patients from among patients with
diagnoses of other mental disorders (Baandrup et al. 2016).
This resulted in an overall total of 38 empirical studies being
included for our synthesis. Figure 1 displays the PRISMA
flowchart detailing the selection of relevant publications for
inclusion in this review.

The summaries of main findings of the included studies
are found in Table 1. Of these included studies, the major-
ity (31 out of 38 studies) were conducted in Europe and
USA. Overall, the total number of subjects was 2700, out of
which 1803 (66.7%) were patients with schizophrenia, 341
(12.6%) were patients with other psychiatric disorders and
556 (20.6%) were healthy controls. The number of subjects
in each study ranged from 11 to 199, with 52.6% (N=20)
of the included studies having 50 subjects and below. With
the exclusion of two studies which did not provide gender
data, 53.8% (N=1452) of the overall subjects were male.
The overall mean age of the subjects was 38.4 years, ranging
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Records identified through
database searching
(n=65)

Records excluded after

screening
(n=16)

A 4

Full-text articles assessed
for eligibility
(n=49)

Full-text articles excluded, with reasons
(n=11)

> e Systematic review (n=1)

e Study did not include specifically
patients with schizophrenia (n = 7)

e Did not state subgroup analyses of
patients with schizophrenia (n=1)

e Case studies (n =2)

Studies included in
qualitative synthesis
(n=38)

Fig.1 PRISMA flowchart detailing the process by which empirical
studies were included in the systematic review

between 22.5 and 58.3 years. Of the included studies, 24
(63.2%) assessed motor activity, 12 (31.6%) assessed sleep
and two (5.3%) assessed both.

Actigraphy in relation to motor activity and sleep
parameters

In terms of motor activity, studies using actigraphic motor
parameters have generally observed that patients with schiz-
ophrenia have a lower total motor activity level compared
to healthy controls (Bracht et al. 2012; Fasmer et al. 2016)
and patients with depression (Berle et al. 2010). In a study
performed by Berle et al. (2010) comparing the motor activ-
ity of 23 schizophrenia patients, 23 major depressive patients
and 32 healthy controls, the schizophrenia group was found
to have higher inter-daily stability and lower intra-daily
variability than controls, especially in patients treated with
clozapine. This suggests that schizophrenia patients have a
more structured and monotonous motor behavioural pattern.

In terms of sleep parameters, patients with schizophrenia
tended to have poorer sleep quality and efficiency as well as
increased sleep fragmentation and sleep duration compared
with healthy controls (Hofstetter et al. 2005; Mulligan et al.
2016; Robillard et al. 2015). A study performed by Robillard
et al. (2015) compared measures of sleep—wake and activ-
ity—rest patterns among five groups of participants, namely
healthy controls and patients with anxiety disorders, uni-
polar depression, bipolar disorder and psychotic disorders,
using actigraphy and sleep diaries. Patients with psychotic
disorders were found to have more prolonged sleep and
irregular circadian rhythms compared to healthy controls,
as well as the most unstable sleep schedules amongst all
groups (Robillard et al. 2015).

Afonso et al. (2014) compared the sleep patterns of 34
schizophrenia patients with that of 34 healthy controls. An

actimetry sensor was worn for 7 consecutive days while par-
ticipants carried out their usual activities. Bedtime, wake
time, night awakenings and day naps were recorded in a
diary to aid researchers in distinguishing sleep from seden-
tary activities on the sensor-recorded patterns. They found
that schizophrenia patients had higher sleep latency, more
night awakenings and poorer sleep efficiency. In addition,
three patients were found to have advanced sleep-phase syn-
drome and another three had irregular sleep—wake rhythms.

Actigraphy in relation to clinical correlates
(psychopathology, cognition, clinical course,
functioning, treatment)

In terms of psychopathology, lower motor activity and
longer total sleep time have been associated with greater
severity of negative symptoms (Docx et al. 2012, 2013,
2017; Shin et al. 2016; Walther et al. 2009b, 2014; Wichniak
et al. 2011) including apathy (Kluge et al. 2018) and avoli-
tion (Docx et al. 2013) (see Fig. 2). Conversely, increased
(Shin et al. 2016) but less structured motor activity (Walther
et al. 2014), and decreased sleep quality (Afonso et al.
2011a, 2014) were associated with greater severity of posi-
tive symptoms (see Fig. 3). Walther et al. (2014) used actig-
raphy to measure mean activity level in counts/min and the
Positive and Negative Syndrome Scale (PANSS) to assess
symptom severity in 100 subjects with schizophrenia. They
analysed the time series of movement counts over 60 min to
establish if the amount of movement at one time point would
be associated with that of subsequent time points. Reduced
number of lags, indicating less structured movement pat-
terns, was found to be associated with higher positive syn-
drome scores, while higher negative syndrome scores was
associated with lower mean motor activity.

Afonso et al. (2014) divided 23 schizophrenia patients
into predominantly positive and negative groups and along
with actigraphy, used the Pittsburgh Sleep Quality Index
to assess sleep patterns. They found that 11 out of the 23
patients studied had irregular sleep—wake cycles with day-
time napping and night-time fragmentation. In addition,
patients with predominantly positive symptoms had more
disrupted sleep—wake patterns compared to the predomi-
nant negative symptom group. Poor sleep quality is also
predictive of positive psychotic symptoms the following
day, such as delusions and hallucinations (Mulligan et al.
2016). Regarding illness subtypes, it has been suggested that
lower motor activity differentiated patients with schizophre-
nia, especially the catatonic subtype (Walther et al. 2009b),
from other psychotic spectrum conditions such as cycloid
psychosis (Walther et al. 2009a).

Furthermore, decreased motor activity and sleep quality
were associated with poorer cognitive functioning involving
attention and processing speed (Chen et al. 2016), reduced
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—Total sleep time

- Motor activity

Negative symptom severity

Fig.2 Relationship between actigraphic measures and negative
symptoms

——Motor activity
——Sleep quality

Structured movement
patterns

Positive symptom severity

Fig. 3 Relationship between actigraphic measures and positive symp-
toms

employment of positive reappraisal (Hofstetter et al. 2005)
with implication of frontal lobe function (Bromundt et al.
2011). Chen et al. (2016) examined attention and concentra-
tion, and used the Grooved Pegboard Test to test for manual
dexterity, upper-limb motor speed, hand—eye coordination
and processing speed, in order to compare the cognitive
functioning of 199 schizophrenia patients with 60 healthy
controls. They found that the schizophrenia group was less
engaged in light and moderate—vigorous activity and had
poorer attention, concentration and processing speed than
the control group. Participating in more light physical activ-
ity or moderate—vigorous activity was associated with better
cognitive performance among patients with schizophrenia,
with the influence of light activity being stronger than that
of moderate—vigorous activity. Patients with schizophrenia
who spent more time doing light activity had better per-
formance on cognitive measures. Bromundt et al. (2011)
evaluated frontal lobe functioning using Trail Making Test,
Stroop and Supermarket Item Tests and observed that nor-
mal rest—activity circadian rhythm cycles correlated with
significantly better cognitive functioning involving the fron-
tal lobe (see Fig. 4).

In terms of illness trajectory, there is some evidence
that lower motor activity is associated with chronicity of
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—Light physical activity

——Moderate-vigorous
physical activity

Circadian rhythm quality

Cognitive function

Fig.4 Relationship between actigraphic measures and cognitive
function

schizophrenia (Walther et al. 2015b) which needs valida-
tion in other samples. Actigraphy has shown potential in the
precise detection of Neurological Soft Signs (NSS), known
minor neurological signs more prevalent in individuals with
schizophrenia than in a healthy population (Heinrichs and
Buchanan 1988). This was observed in a study by Le Seac’h
et al. (2012) using actigraphy paired with in-built inertial
sensors capable of accurately calculating fine motor move-
ments. They found that actigraphy detection of specific fine
movements while performing neurological tasks assessing
balance, alternative movements and extrapyramidal rigidity
was positively correlated with the presence of NSS on clini-
cal examination. Given that studies have demonstrated the
increasing potential of NSS as both markers of early stages
of schizophrenia and prognosticators of disease and treat-
ment outcomes (Chan et al. 2016; Tamagni et al. 2013), the
ability to objectively quantify and precisely detect them via
actigraphy would be clinically valuable.

In terms of treatment and functioning, data are sparse.
Decreased motor activity has been associated with higher
antipsychotic dose, especially in early onset cases (Walther
et al. 2015b), while increased motor activity has been asso-
ciated with greater neuroleptic-induced extrapyramidal
side effects (Poyurovsky et al. 2000). Poor sleep quality has
been associated with poorer quality of life for patients with
schizophrenia (Afonso et al. 2014) and working has been
correlated with better sleep and circadian rthythms (Martin
et al. 2005).

Actigraphy and biological and neuroimaging
correlates

Based on extant data, poor sleep quality has been associ-
ated with various biological factors such as raised inflam-
matory marker counts like neutrophil concentration (Fang
et al. 2016) and decreased melatonin (Afonso et al. 2011b).
Decreased motor activity has been associated with reduced
cerebral perfusion of cortical (frontal, temporal) and subcor-
tical (thalamus, hippocampal) brain regions (Walther et al.
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2011a), decreased frontal-striatal activation on functional
magnetic resonance imaging and lower anterior cingulate
volume (Farrow et al. 2005). Shamir et al. (2000) dem-
onstrated that patients with chronic schizophrenia tended
to have low melatonin output based on nocturnal urinary
excretion of 6-sulfatoxymelatonin, a key melatonin metabo-
lite. Hence, melatonin treatment could improve sleep qual-
ity in low-efficiency sleepers, including increase in sleep
efficiency, duration and shortened latency (Shamir et al.
2000). Subsequently, Afonso et al. (2011b) demonstrated
using actigraphy and nocturnal salivary melatonin radio-
immunoassay that concentrations of endogenous noctur-
nal melatonin between schizophrenia patients and healthy
controls were not statistically different. However, the sleep-
promoting action of melatonin may be compromised in
schizophrenia as the schizophrenia patient group had worse
sleep quality with higher latency, lower efficiency and more
night-time awakenings.

Docx et al. (2017) performed diffusion kurtosis imag-
ing (DKI) on 20 schizophrenia patients and 16 controls and
examined correlations and group differences with regard to
fractional anisotropy (FA), mean diffusivity (MD), mean
kurtosis (MK) and motor activity level. In the schizophre-
nia group, motor activity levels were positively correlated
with MK in the inferior, medial and superior longitudinal
fasciculus, corpus callosum, posterior fronto-occipital fas-
ciculus and posterior cingulum. Walther et al. (2011b) found
lower FA levels in the prefrontal and left temporal regions
in schizophrenia patients. They also observed a negative
correlation between motor activity levels and white mat-
ter integrity beneath the right supplementary motor area.
Bracht et al. (2013) reported that increased probability index
values, an indication that a voxel is part of the connecting
fibre bundle of interest (PIBI), were correlated with motor
activity in the left pre-SMA-SMA-proper connection for
patients with schizophrenia. With regard to functional mag-
netic resonance imaging (fMRI), Kluge et al. (2018) study,
which involved functional magnetic resonance imaging with
reward anticipation tasks, found that lower motor activity
level was associated with inferior frontal gyrus hypoacti-
vation, while interview-based apathy was associated with
ventral striatum hypoactivation. Additionally, resting state
fMRI revealed that spontaneous motor activity was corre-
lated with functional connectivity between left M1 and right
cerebellum in patients (Walther et al. 2017).

Discussion
Clinical implications of findings

Our review reveals that most studies pertaining to the use
of actigraphy in schizophrenia were conducted in Europe

and the USA over the last two decades. While all have
incorporated either motor activity or sleep trends, few have
combined both major parameters or applied them to the
comparison of different psychiatric conditions. In addition,
there have been more studies correlating changes in motor
activity or sleep quality with psychotic psychopathology as
compared to cognitive functioning, illness trajectory, treat-
ment factors, daily function or quality of life. Correlations of
actigraphic measures with biological factors are yet sparser
and have yielded less conclusive results.

Actigraphy studies have captured patterns that may distin-
guish schizophrenia patients from healthy controls, includ-
ing monotonous motor activity patterns (Berle et al. 2010),
lower mean levels of activity (Sano et al. 2012), as well as
sleep irregularities and disturbances (Afonso et al. 2014;
Robillard et al. 2015). Only two studies (Fasmer et al. 2016;
Robillard et al. 2015) compared the actigraphic patterns
between schizophrenia and non-psychotic disorders includ-
ing affective and anxiety disorders, demonstrating a pattern
of prolonged sleep duration, unstable sleep schedules and
greater motor inactivity in the schizophrenia group. Another
two studies by Walther et al. (2009a, b) examined subtypes
of psychotic spectrum disorders (such as cycloid psycho-
sis vs. paranoid/disorganised/catatonic schizophrenia) and
attempted to delineate clinical presentations of these con-
ditions based on motor activity. Several studies have also
begun to explore the use of actigraphic measures in partici-
pants with at-risk mental state (ARMS). ARMS has been
associated with the development of psychosis over a 10-year
period (Fusar-Poli et al. 2012; Nelson et al. 2013; Yung et al.
1996). Similar to findings in schizophrenia patients, acti-
graphic measures showed less regular circadian rest—activity
rhythms and more nap time in the day for ARMS individuals
as compared to healthy controls (Castro et al. 2015). Further
evaluation may proffer better clinical markers that can sup-
plement extant clinical evaluation and corroborative infor-
mation from family members, to distinguish between dif-
ferent psychiatric disorders and even subtypes of psychotic
disorders.

Furthermore, actigraphic patterns hold promise as sur-
rogate clinical markers of symptom status in patients with
schizophrenia, given their close correlation with psychopa-
thology. Increased positive symptoms are associated with
less structured movement patterns (Walther et al. 2014) and
disrupted sleep—wake patterns (Afonso et al. 2011a) whilst
increased negative symptoms are associated with less motor
activity (Kluge et al. 2017; Walther et al. 2014), prolonged
sleep, more night-time awakenings and daytime sleepiness
(Wichniak et al. 2011). These correlations with psychopa-
thology are mirrored in studies involving ARMS individuals
and healthy controls as well. Lunsford-Avery et al. (2015)
noted that reduced sleep efficiency (SE), more wake upon
sleep onset (WASO), and night-time movement correlated
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with positive symptom severity in an ultra-high-risk popula-
tion. They also found that reduced SE, increased WASO, and
reduced total sleep time predicted greater positive symptom
severity 1 year later. In a sample of healthy controls, par-
ticipants were more likely to endorse a greater number of
psychotic experiences when fewer hours of sleep as captured
by actigraphy was coupled with poor perceived sleep quality
(Cosgrave et al. 2018).

Next-day functioning has been found to be significantly
affected by sleep disturbance and the presence of auditory
hallucinations, while delusions of control can be predicted
by different aspects of sleep disturbance (Mulligan et al.
2016). However, there are still comparatively fewer studies
of correlations with cognitive and psychosocial functioning
including quality of life (Afonso et al. 2011a, 2014; Bracht
et al. 2012; Chen et al. 2016). Such studies would comple-
ment understanding of the inter-relationship between symp-
tomatology, neuropsychological performance and impact on
daily functioning in individuals with schizophrenia. Not-
withstanding the fewer studies, available data from Afonso
et al. (2011a, 2014) suggest that patients with schizophrenia,
and in particular those with more positive symptoms, tend to
report poorer sleep quality and lower quality of life and Hof-
stetter et al. (2005) also reported reduced preference for pos-
itive cognitive appraisal of circumstances around them and
more avoidant coping compared to healthy controls. This
behoves the need to better optimise the clinical manage-
ment of these patients, especially positive symptomatology,
by employing pharmacological and non-pharmacological
interventions.

Early detection of schizophrenia is crucial for early inter-
vention and educating patients on symptom management.
One possible marker present in early stages of schizophrenia
is Neurological Soft Signs, which can potentially be more
reliably detected using actigraphy (Le Seac’h et al. 2012).
Additionally, low level of motor activity has been correlated
with the chronicity of the disorder as well as severity of avo-
lition (Walther et al. 2015b). Hence, such objective measures
could possibly be used to alert clinicians regarding possible
onset of illness, deterioration of condition or to approximate
the duration of illness. There are currently mixed findings
regarding the effect of antipsychotic dosage on motor activ-
ity levels (Docx et al. 2017; Walther et al. 2009¢c, 2015b)
and further research is required to tease apart the relative
influence of medication and other disorder-related fac-
tors in contributing to lowered activity levels observed in
schizophrenia patients. Antipsychotics have been associated
with increased cardiovascular mortality (Birkhofer et al.
2013) and akathisia (Poyurovsky et al. 2000), highlighting
the importance of close patient monitoring, which can be
achieved through the use of actigraphic tools.

Studies correlating actigraphic measures with clinical
and biological correlates have the potential to shed light
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on the underlying biological basis for clinical manifesta-
tions of schizophrenia. Poorer sleep quality in schizophrenia
patients has been associated with increased inflammation
(Fang et al. 2016), which could either reflect inherent bio-
logical state or further contribute to other comorbid health
conditions experienced by patients with schizophrenia. Neu-
roimaging studies have observed decreased motor activity
to be associated with decreased volume of anterior cingu-
late (Farrow et al. 2005) and reduced cerebral perfusion to
cortical-subcortical brain regions (Walther et al. 2011a)
which are implicated in schizophrenia. In addition, cerebral
white matter changes (Bracht et al. 2013; Docx et al. 2017,
Walther et al. 2011b) are associated with lower motor activ-
ity levels, which is consistent with earlier data linking deficit
subtype of schizophrenia (with greater inactivity) with such
brain white matter changes (Voineskos et al. 2013). Higher
probability indices of cortical pathways involving supple-
mentary motor areas may suggest possible compensatory
mechanisms towards underlying basal ganglia dysfunction
in patients (Bracht et al. 2013; Walther et al. 201 1a).

Future directions

Several future directions can be posited. First, future studies
may want to combine studies of motor with sleep activity to
enable deeper phenotyping of the clinical features observed
in patients with schizophrenia. Second, trans-diagnostic
investigations involving different psychiatric conditions
and subtypes of these conditions may allow better clinical
understanding of underlying motor and circadian rhythm
changes. Third, a multimodal approach allowing elucida-
tion of interactive relationships between clinical, actigraphic
and biological parameters (such as physiological, imag-
ing measures) would enable more extensive correlations
between these factors. Fourth, longitudinal studies are war-
ranted to examine the utility of these actigraphic measures
for prediction of relapse and prognostication. In the areas
above, studies in this field could benefit from ‘big data’
approaches and cross-country collaborations which aggre-
gate data from patients with various psychiatric conditions
to examine clinical correlates of these actigraphic meas-
ures. Fifth, once better proven, actigraphy can be used as a
potential objective monitor of treatment response, and feed-
back for different interventions including lifestyle changes.
Patients can use actigraphy as a form of biofeedback to track
their own activity and sleep, which in turn empower them
to make further lifestyle changes (Shin et al. 2016). Cor-
relations between actigraphic measures and symptoms can
be charted over time using mobile applications or software
which can be viewed by both the patient and clinician. Such
monitoring techniques highlight specific areas which each
patient could alter to bring about symptom alleviation and
increased functionality. This can motivate patients to play
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an active role in managing their illness. Clinicians can also
harness this technology to track patients’ progress or make
individualised suggestions for lifestyle modification based
on their baseline activity levels. Additionally, actigraphy is
no longer limited to external wearables, with accelerometers
and sleep tracking applications readily available on most
mobile devices. Despite limitations in degree of accuracy,
it may be an ideal option to introduce patients to the ben-
efits of actigraphy even for those unable or unwilling to use
wearables. Lastly, actigraphy also holds promise in the field
of translational neuroscience, because motor activity altera-
tions have trans-species value as demonstrated in studies
such as that by Perry et al. (2009). They noted that mouse
models with inhibited or lack of dopamine active transporter
(DAT) function showed similar spatial patterns of locomo-
tion as that observed in bipolar mania. This suggests poten-
tial neurobiological underpinnings and therapeutic targets
for bipolar disorder, and such trans-species applications
could be extended to schizophrenia as well.

Limitations of studies

There are several limitations of the studies reviewed. First,
as a cross-sectional design was employed for most of the
studies, causal relationships could not be established. Sec-
ond, findings of studies with smaller sample sizes should be
replicated in larger sample sets. Third, future studies may
want to investigate the impact of different psychotropic med-
ications on actigraphic patterns or include other confound-
ers including gender, age, comorbid psychiatric disorders
to better understand such actigraphic patterns in naturalistic
real-life settings. Fourth, the presence of comorbid medical
conditions such as sleep disorders can confound findings of
poor sleep quality and daytime somnolence (Afonso et al.
2014) or increased inflammation (Fang et al. 2016). Ger-
mane to this, it has been noted that patients on antipsychot-
ics have increased risk of developing metabolic syndrome
and obstructive sleep apnoea (Lieberman 2004; Rishi et al.
2010). Fifth, inpatients had structured institutional schedules
and ward routines, which may have affected actigraphically
recorded inter-daily stability of motor activity (Manoach
et al. 2010). The potential for these findings to be applied to
outpatients who conversely, have greater independent con-
trol of their daily activities, is less certain.

Limitations of actigraphy

As a measure of sleep, sleep/wake timings are estimated by
movement detected on actigraphy and not based on cortical
activity levels (Robillard et al. 2015). Hence, sleep param-
eters provided by the device are only an approximate reflec-
tion of participants’ sleep/wake states even with the use of
sleep logs or diaries. This makes it liable to overestimating

total sleep time and sleep efficiency. This is especially so
in sedentary or bedbound patients who may be logged as
being asleep during periods of akinesia (Manoach et al.
2010). Patients lying still in bed but remain vigilant may
be logged as having shorter sleep onset latency than is the
case (Manoach et al. 2010). Additionally, current actigraphy
devices are not validated for measuring sleep stages (Martin
and Hakim 2011). It is also not possible to log brief awak-
enings or periods of sleep, which can affect the accuracy of
data collected in patients with severely disturbed sleep pat-
terns. While devices with electroencephalographic sensors
can be employed in tandem for these purposes (Ancoli-Israel
et al. 2002), it may not be as conducive (Martin et al. 2005).
Other modalities such as polysomnography, sleep diaries and
sleep questionnaires can complement actigraphy to provide
direct additional information regarding sleep duration, as
well as derive subjective information on sleep quality.

As a measure of motor activity, the motion sensors
employed within individual actigraph devices are currently
not yet sufficiently adequate and precise for evaluating com-
plex movements (Bracht et al. 2012). Examples of these
include local movements of restricted muscle groups, coor-
dination, movement sequence and symmetry. Similarly, only
a limited number of Neurological Soft Signs can be picked
up by current inertial sensors, limiting actigraphy’s use in
the identification of these clinical features (Krebs et al. 2000;
Le Seac’h et al. 2012). Measurement accuracy may also be
affected by movement sleep disorders like Periodic Limb
Movement Disorder and REM Sleep Behaviour Disorder
(Markkula and Lauerma 1997). It has been recommended
that multiple devices be placed concurrently at different
body parts or simultaneous video recording be done to over-
come these limitations (Bracht et al. 2012; Le Seac’h et al.
2012; Poyurovsky et al. 2000). However, these methods will
indubitably impact user’s willingness for its wearability.

Evaluating the feasibility of actigraphy in the setting of
long-term monitoring of schizophrenia patients with acute
or residual active psychotic symptoms, patients may har-
bour persecutory and/or perceptual delusions about the
wearable actigraphy devices. In one study, several partici-
pants believed that the device was making surveillance of
their lives, tracking their location, or that they were being
experimented upon (Shin et al. 2016). This has the poten-
tial to precipitate a psychotic relapse or worsen psychotic
psychopathology. Patients may also discard these devices
secondary to their psychotic experiences. Furthermore, dis-
organised thinking can potentiate unpredictable and erratic
behaviour deviating from usual motor and sleep patterns and
levels. For instance, as reported by Shin et al. (2016), some
participants with known baseline of low motor activity dis-
played abnormally increased activity levels only during the
recording period, leading to concerns about consistency of
the data logged.
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Conclusion

In conclusion, this review found lower motor activity and
poorer sleep quality in patients with schizophrenia com-
pared with healthy controls which are associated with clini-
cal features (such as psychotic phenomenology, cognitive
functioning, subtypes, quality of life, illness chronicity,
medication dose) and less conclusively with biological
features (inflammatory blood markers, structural and func-
tional MRI features). Notwithstanding inherent limitations
of studies reviewed and actigraphic tools, actigraphy holds
promise as a surrogate objective monitor of clinical status,
functioning, treatment response. It also shows potential to
be a means of feedback for different interventions including
lifestyle changes for patients with such a crippling psychi-
atric condition.
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