& frontiers

@ Check for updates

OPEN ACCESS

Wing Chung Chang,
The University of Hong Kong,
Hong Kong SAR, China

Suzanne Ho-wai So,

The Chinese University of Hong Kong,
China

Trine Vik Lagerberg,

Oslo University Hospital,

Norway

Lydia E. Pieters
l.pieters@ggzcentraal.nl

This article was submitted to
Schizophrenia,

a section of the journal
Frontiers in Psychiatry

25 November 2022
03 February 2023
23 February 2023

Pieters LE, Deenik J, de Vet S, Delespaul P and
van Harten PN (2023) Combining actigraphy
and experience sampling to assess physical
activity and sleep in patients with psychosis: A
feasibility study.

Front. Psychiatry 14:1107812.

doi: 10.3389/fpsyt.2023.1107812

© 2023 Pieters, Deenik, de Vet, Delespaul and
van Harten. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Psychiatry

Frontiers in Psychiatry

Original Research
23 February 2023
10.3389/fpsyt.2023.1107812

Combining actigraphy and
experience sampling to assess
physical activity and sleep in
patients with psychosis: A
feasibility study

Lydia E. Pieters'?*, Jeroen Deenik'?, Sabine de Vet?,
Philippe Delespaul?®® and Peter N. van Harten'?

!Psychiatric Center GGz Central, Research Department, Amersfoort, Netherlands, 2Faculty of Health
Medicine and Life Sciences, Department of Mental Health and Neuroscience, Maastricht University,
Maastricht, Netherlands, *Mondriaan Mental Health Center, Heerlen, Netherlands

Background: Sleep disorders and reduced physical activity are common in
patients with psychosis and can be related to health-related outcomes such
as symptomatology and functioning. Mobile health technologies and wearable
sensor methods enable continuous and simultaneous monitoring of physical
activity, sleep, and symptoms in one’'s day-to-day environment. Only a few
studies have applied simultaneous assessment of these parameters. Therefore,
we aimed to examine the feasibility of the simultaneous monitoring of physical
activity, sleep, and symptoms and functioning in psychosis.

Methods: Thirty three outpatients diagnosed with a schizophrenia or other
psychotic disorder used an actigraphy watch and experience sampling method
(ESM) smartphone app for 7 consecutive days to monitor physical activity, sleep,
symptoms, and functioning. Participants wore the actigraphy watch during
day and night and completed multiple short questionnaires (eight daily, one
morning, and one evening) on their phone. Hereafter they completed evaluation
questionnaires.

Results: Of the 33 patients (25 male), 32 (97.0%) used the ESM and actigraphy
during the instructed timeframe. ESM response was good: 64.0% for the daily,
90.6% for morning, and 82.6% for evening questionnaire(s). Participants were
positive about the use of actigraphy and ESM.

Conclusion: The combination of wrist-worn actigraphy and smartphone-
based ESM is feasible and acceptable in outpatients with psychosis. These
novel methods can help both clinical practice and future research to gain more
valid insight into physical activity and sleep as biobehavioral markers linked to
psychopathological symptoms and functioning in psychosis. This can be used
to investigate relationships between these outcomes and thereby improve
individualized treatment and prediction.

schizophrenia, motor behavior, accelerometry, ecological momentary assessment,
severe mental illness
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1. Introduction

Disruptions in physical activity and sleep are common in people
with schizophrenia spectrum disorders and have been recognized as
promising markers that could be related to symptomatology, social
functioning, quality of life, and illness course. People with
schizophrenia spectrum disorders lack physical activity, which is not
only a major contributor to poor physical health and premature
mortality (1, 2), but is also strongly related to negative symptoms,
cognitive impairment, and quality of life (3-6). Sleep disorders,
including insomnia, obstructive sleep apnoea, periodic limb
movement disorder, and disruptions in circadian rhythm, are reported
in up to 80% of patients with schizophrenia (7). They have been
directly related to positive and negative symptomatology, cognitive
deficits, and poor psychosocial functioning in patients with
schizophrenia spectrum disorders (8-10).

Considering these clinically relevant relationships, improved
assessment of physical activity and sleep patterns as biobehavioral
markers in psychosis is highly needed (11, 12). Especially, since self-
reported and clinician-rated measures are influenced by recall bias
and interpretation differences. Recent advancements in technology-
based assessments including actigraphy and smartphone-based
applications enable promising, easy-to-use, and affordable solutions
for monitoring symptoms continuously.

Actigraphy is a non-invasive method, mostly worn as an
actigraphy monitor on the wrist, that allows for continuous and
precise assessment of sleep patterns (e.g., total sleep duration, sleep
onset latency, sleep efficiency, fragmentation, and circadian rhythm)
and physical activity (e.g., activity counts, duration of activity, activity
intensities, and sedentary behavior) (11). Several studies have proven
the validity and reliability of actigraphy for the measurement of sleep
and physical activity in healthy individuals and patients with a
psychiatric disorder (11, 13-16). For the assessment of physical
activity, actigraphy has proven higher validity compared to self-
administered retrospective questionnaires, which tend to overestimate
total physical activity and underestimate sedentary behavior (15, 17).
For the assessment of sleep, wrist actigraphy has shown moderate
agreement with polysomnography, although actigraphy tends to
overestimate total sleep time and sleep efficiency, especially in patients
with a chronic condition (14). Several studies on patients with
schizophrenia used actigraphy for the assessment of motor activity (4,
18-22) or sleep (23-25) and linked them to psychotic symptoms or
neurobiological substrates, and a few studies used actigraphy to assess
both parameters simultaneously for the examination of sleep-wake
cycles (26, 27).

Actigraphy measurement of sleep and motor activity can
be combined with the smartphone-based Experience Sampling
Method (ESM) to allow the collection of ecologically valid daily-life
self-report data. ESM is a validated, digital diary method that consists
of multiple repeated measurements throughout the day, using short
questionnaires that patients can complete using a smartphone
application (28, 29). In this way, ESM offers several advantages over
clinical observations or self-rated retrospective questionnaires, by (i)
minimizing the potential risk recall and “global evaluation” bias, (ii)
allowing ecologically valid assessment of experiences in real-world
environments, and (iii) enabling to assess the variation of subjective
experiences in the flow of daily life, taking person-environment
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interactions into account (28, 30). Clinical research has demonstrated
the feasibility, usability, and value of ESM in patients with severe
mental illness (29, 31).

Combining actigraphy with ESM facilitates the examination
of the direct relationships between physical activity, sleep, and
symptoms in daily life. Only a few studies used a combination of
actigraphy and ESM for the assessment of physical activity or
sleep in relation to symptomatology in schizophrenia populations.
One study found that actigraphy-measured spontaneous motor
activity was an objective readout of apathy in patients with
schizophrenia (32). Two other studies demonstrated that
actigraphy measures of sleep continuity and/or sleep efficiency
were related to greater next-day psychotic symptom severity (33,
34). The combination of actigraphy and ESM offers major
opportunities for clinical research, as physical activity and sleep
patterns hold promise as clinical markers for psychopathological
symptom severity and course of the illness in patients with
schizophrenia spectrum disorders (3, 6, 8, 10).

Considering these promising applications of ESM and actigraphy
for psychiatry research, it is important to establish the clinical
acceptability and feasibility of these methods for psychiatric patients
before implementing them into research and clinical practice. This
study aims to examine the feasibility of the combination of actigraphy
and ESM to measure physical activity, sleep, and daily life symptoms
in patients with schizophrenia spectrum disorders and seeks to
provide guidance for feature actigraphy/ESM studies.

2. Materials and methods
2.1. Study population

Patients with a schizophrenia spectrum disorder diagnosis were
included from June 2020 to October 2022 in the outpatient
departments of the mental health care institution GGz Central, the
Netherlands. Inclusion criteria were: (i) age 16-65years; (ii) a
diagnosis of schizophrenia-spectrum disorder, i.e., schizophrenia,
schizoaffective, schizophreniform, or brief psychotic disorder
according to the fifth edition of the Diagnostic and Statistical Manual
of Mental Disorders (DSM-5) (35); (iii) good spoken and written
command of the Dutch language; (iv) in possession of a smartphone
and capable of using one; and (v) able and willing to provide written
informed consent. Exclusion criteria were a major neurological
disorder (e.g., epilepsy, Parkinsons disease, or cerebrovascular
disease); medical conditions that severely affect physical activity (e.g.,
fractures, arthrosis); hearing, reading or other disabilities that impede
the use of a smartphone application; a DSM-5 diagnosis of moderate,
severe, or profound intellectual disability. DSM-5 diagnosis was
confirmed by a board-certified psychiatrist. All diagnoses were
discussed between researchers and involved clinicians. The Medical
Ethical Committee of Maastricht University approved the protocol.

2.2. Procedures

A comprehensive assessment of psychopathology, social
functioning, quality of life, and neurological functioning was
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FIGURE 1

Schematic overview of the study design. The actigraphy watch was
worn continuously day and night. The ESM app was used from
waking up until going to bed, with a morning, evening, and
continuous (beep) questionnaire throughout the day.

performed, which can be found in the Supplementary material.
For the current paper, we chose to present the items that
described the main clinical characteristics of the participants and
were thus relevant for this feasibility study: demographic and
clinical characteristics from medical records, the extended
version of the Brief Psychiatric Rating Scale (BPRS) (36), the
alcohol and drug use and medical history subscales of the
Comprehensive Assessment of Symptoms and History (CASH)
(37), the Social and Occupational Functioning Assessment Scale
[SOFAS; consisting of the Global Assessment of Functioning
(GAF) symptom and handicap subscale] (38), and the self-
administered, Manchester Short Assessment of Quality of Life
(MANSA) questionnaire (39). All assessments were performed
by two researchers (L.P. and S.V.) trained and re-trained with
individual instruction sessions and demonstration videos. The
baseline visit was followed by a briefing session, in which the
participants were instructed to use the ESM app and actigraphy
for 7 consecutive days. After completing the ESM and actigraphy
data acquisition phase, a debriefing session took place. During
this debriefing session, the researcher discussed the ESM and
actigraphy results, i.e., physical activity, sleep patterns, and daily
life experiences, with the participant. Participants filled out
evaluation questionnaires on the ease of use and burden of the
actigraphy, the ESM app and the study in general, including
items rated on a Likert scale from 1 (“not at all”) to 7 (“very”)
and open questions. The evaluation questionnaires for the ESM
app and study in general were used in previous feasibility studies
of the ESM in patients with schizophrenia (30, 40). The
questionnaire that evaluated the use of the actigraphy device was
custom-made and designed in the same format as the previous
questionnaires. See Figure 1 for a schematic overview of a
test day.
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2.3. Experience sampling method

Participants were instructed to use an ESM smartphone
application, Psymate™,! over the same period of 7 days to assess the
self-reported, daily fluctuations of mood (positive and negative affect),
psychotic experiences, sleep quality, (social) functioning, physical
well-being, and their context (activity, location, and company).
Participants received a beep-notification on their smartphone at eight
semi-randomized time points per day, one beep within every block of
90min, between 10:00a.m. and 10:00p.m. After every beep,
participants were asked to fill out questions about current mood,
thoughts, context, company, and appraisal of the current situation. A
typical question to assess the momentary mood is “I feel cheerful”
with 1 =not at all and 7 =very. Participants were instructed to respond
to the beep immediately and if they failed to respond within 15min,
the missed questionnaire was skipped. Participants also completed a
short morning and evening questionnaire. All questions were short
and could be rated quickly, in approximately 2-3 min per assessment,
to disturb the flow of normal daily routines only minimally. The ESM
questionnaires were based on previous ESM studies in mental health
research (41). The ESM questionnaires are enclosed in the
Supplementary material.

2.4. Actigraphy

Physical activity, sleep, and circadian rhythm were measured by
actigraphy using the MotionWatch8 (CamNtech, Ltd., Cambridge,
United Kingdom), a wrist-worn device that contains a tri-axial
accelerometer that is validated for measuring physical activity and
sleep in clinical and non-clinical populations (42, 43). Participants
were instructed to wear the device 24 h a day for 7days and 14h (the
maximum recording length of the device) continuously on the wrist
of the non-dominant arm. The length of this observation period was
chosen because the current requirements for actigraphy for clinical
purposes require recording of at least 72h and extended monitoring
(5days or longer) reduces the inherent measurement errors in
actigraphy and increases reliability (13, 44). Also, capturing both
weekdays and weekend days can result in a more complete clinical
picture (44). To facilitate sleep and circadian rhythm analysis,
participants were instructed to press an event marker before they went
to sleep and when they got up. Data were stored at 5-s intervals, to
collect almost continuous data needed for the evaluation of movement
patterns. Data were analyzed within the proprietary software package
(Motionware V1.1.25, CamNtech).

2.5. Analysis
In order to assess the feasibility and compliance of the combined
assessments of actigraphy and ESM, descriptive analyses of actigraphy

and ESM outcomes were conducted. For actigraphy, the wear time
within the instructed timeframe was calculated. For ESM, response

1 www.psymate.eu
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and completion rates of the ESM morning, evening and daily
questionnaires were calculated. To evaluate the burden of each
continuous questionnaire, the item “this beep disturbed me” was
included in the daily questionnaire. We analyzed means, standard
deviations and distributions for this ESM item and the answers on the
evaluation questionnaire. All statistical analyses were performed with
R version 4.2.0 (45).

3. Results
3.1. Study population

We included 33 participants, who were mainly male (n=25,
75.8%) and between 25 and 51 years old (M =37.6, SD=7.8). Patients
had relatively low psychiatric symptom severity, with mean BPRS total
and positive symptoms scores of 48.4 (SD=11.7), and 12.9 (SD=4.5),
respectively. The majority of patients were unemployed (1 =28, 84.9%)
and had serious impairments in social functioning [GAF symptoms
mean=48.4 (SD=15.0), GAF handicap mean=47.4 (SD=12.4)].

TABLE 1 Demographic and clinical characteristics of the participants
(N=33).

Age (years), mean (SD) 37.6 (7.8)
Sex (male), n (%) 25(75.8)
DSM-5 diagnosis, 1 (%)
Schizophrenia 16 (48.5)
Schizoaffective disorder 4(12.1)
Other psychotic disorder* 13 (39.4)
Symptom severity
BPRS total score (range 28-196), mean 48.4 (11.7)
(SD)
BPRS positive symptoms (range 7-49), 12.9 (4.5)
mean (SD)
BPRS negative symptoms (range 7-49), 12.2(3.1)
mean (SD)
Employment status, n (%)
Employed 5(15.2)
Unemployed 28 (84.9)
Living situation, 7 (%)
Alone 16 (48.5)
Sheltered housing 7(21.2)
With partner/family 10 (30.3)
Functioning
GAF symptom score (range 0-100), mean 48.4 (15.0)
(SD)
GAF handicap score (range 0-100), mean 47.4 (12.4)
(SD)

BPRS, brief psychiatric rating scale; DSM-5, diagnostic and statistical manual of mental
disorders, fifth edition; GAF, global assessment of functioning; and SD, standard deviation.
*DSM-5 diagnosis of other specified (n =2) or unspecified (n =11) schizophrenia spectrum
and other psychotic disorders.
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Demographic and clinical characteristics are presented in Table 1.
Actigraphy and ESM data were obtained in 31participants, as one
participant did not use the ESM app and actigraphy watch after
completing the baseline visit with the main reason that the ESM
measurements would disturb his daily activities (producing music).

3.2. Actigraphy

Participants used the actigraphy watch for a mean duration of
7days and 1 h (SD=23h), within the instructed timeframe of 7 days
and 14h (mean weartime percentage =93.0%, SD =12.4, range 47.6—
100.0%). One of them did not use actigraphy simultaneously with the
ESM app, but, after re-instructions, did wear the actigraphy watch for
3 days following the 7-day period of ESM assessments. Answers from
the evaluation questionnaire (ranged 1-7) showed that the wrist
actigraphy watch was mostly comfortable to wear during day
(mean=5.1, SD=1.6, range 1-7) and night (mean=5.1, SD=1.5,
range 2-7) and did not impair daily activities (mean=1.9, SD=1.2,
range 1-5). In general, patients were not bothered by wearing the
actigraphy watch visible to others (mean=1.6, SD=0.7, range 1-3).
However, participants were moderately motivated to wear the
actigraphy device for a longer period (several months; mean=3.9,
SD=2.1, range 1-7).

3.3. Experience sampling method

The mean completion rates of the ESM were 64.0% (SD=17.0,
range 30.4-91.1) for the continuous questionnaires, 90.6% (SD=13.9,
range 42.9-100.0) for the morning questionnaires and 82.6%
(SD=20.1, range 28.6-100.0) for the evening questionnaires. The ESM
item “this beep disturbed me” was rated with a mean of 2.3 (SD=1.4,
range 1.0-5.9) on a scale from 1 to 7. Answers from the evaluation
questionnaires showed that participants did not experience difficulties
using the ESM application (mean=1.8, SD=1.3, range 1-6) or
understanding the ESM questions (mean=2.0, SD=1.2, range 1-5).
Overall, participants found the number (mean=3.3, SD=1.8, range
1-7) and duration (mean=2.5, SD=1.3, range 1-5) of beep
questionnaires not too burdensome.

4. Discussion

This study demonstrates that the combination of wrist-worn
actigraphy and smartphone-based ESM is a feasible and acceptable
method for outpatients with schizophrenia or other psychotic disorder
with moderate to serious impairments in social functioning.
Participants used the actigraphy watch during the instructed
timeframe and completed the majority of the ESM beep questionnaires
on their smartphones. Also, they positively evaluated the burden and
user-friendliness of ESM and actigraphy.

The application of ESM and actigraphy in populations with
psychosis may provide valuable clinical information and new insights
for future research and treatment since sleep and physical activity
patterns are important biobehavioral features related to
psychopathological symptoms and functional outcomes in patients

with psychotic and other psychiatric disorders (3-6, 8, 9).
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Smartphone- and wearable sensor-approaches are rapidly emerging
in clinical research. This is the first study that used the combination of
actigraphy and ESM to assess physical activity, sleep, and daily life
symptoms in patients with schizophrenia spectrum disorders. Several
studies have introduced actigraphy for the assessment of sleep or
physical activity combined with ESM in patients with schizophrenia,
anxiety, and depression (32, 33, 46-48). Furthermore, other methods
of wearable sensor data collection have been combined with ESM in
schizophrenia and substance-use research, namely continuous
electronic physiological monitoring (e.g., electrocardiography) and
geolocation (49, 50). Thus, ESM can be complemented by numerous
types of data, such as physiological (e.g., cardiac monitoring),
environmental (e.g., geolocation, temperature), or behavioral (e.g.,
actigraphy). In this way, ecologically valid data can be collected on
daily-life
environmental factors.

experiences,  biobehavioral =~ symptoms,  and

The combined approach of ESM and actigraphy, or other wearable
sensors, offers several advantages over ESM alone. Wearable sensors
offer the possibility for passive, non-intrusive (not requiring user
action) and continuous data collection, contrary to interval-based
ESM questionnaires that require the participants action and
compliance. Although earlier ESM feasibility studies showed that ESM
only minimally interfered with daily life routines and had no
psychological adverse effects (31, 51, 52), the sampling frequency (i.e.,
number of questionnaires per day) and duration (i.e., number of days)
form the key limitations of ESM research, as higher sampling
frequencies and longer sampling duration are practically unrealistic
due to the burden on the participant. Complementing ESM with
wearable sensor data overcomes these limitations and allows for more
intensive or prolonged sampling to answer clinical research questions.
Also, the combined ESM and wearable sensor approach allows for the
examination of the relations between symptoms and simultaneously
measured biobehavioral signs, such as motor activity, sleep, and heart
rate (53). Another application for ESM and wearable sensor data is the
development of prediction models by machine learning algorithms.
These models predict ESM-measured behavior or experiences by a
wearable sensor measured biomarker. For example, the prediction of
substance-use by GPS-, electrocardiogram-, and actigraphy-data (49),
actigraphy and ambient light exposure to predict depressive
symptoms (46).

Since mobile and wearable sensor technologies are relatively new
in psychiatric research, only a few studies used the combination of
ESM and actigraphy in patients with psychotic disorders for either
examination of sleep (33, 34) or physical activity (32) in relation to
daily symptoms and/or functioning. None of these studies reported
user experiences or patient-reported burden. Only one of the studies
reported on compliance rates; 77.4% overall response rate of the five
beeps per day and the actigraphy device was worn during 97.4% of the
instructed timeframe (33). The other studies reported that the overall
acceptance was very high and that participants delivered sufficient
ESM and actigraphy data.

Previous studies in patients with schizophrenia or other psychotic
disorder have validated the feasibility and usability of ESM by itself,
without the combination with actigraphy. A study on ESM compliance
of 10 pooled ESM studies (n = 1,717 individuals with different mental
health conditions) that used a paper-and-pencil diary in combination
with a beep-producing digital watch (10 beeps per day during
4-6days) showed that persons with psychosis (i.e., psychotic disorder
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or psychotic experiences) had response rates of 70%, and were
therefore less compliant than healthy participants (83%, p <0.001)
(41). An ESM study including 54 outpatients with psychotic disorders
using a digital palm computer showed that seven (13%) patients did
not fill out the ESM questions at all, and the remaining patients had a
compliance rate of 69%, which is comparable to the 64.0% compliance
rate in the current study (52). Hospitalized patients with schizophrenia
showed higher completion rates 79-81% in ESM studies that also used
a palm computer (30, 40). These completion rates are adequate, since
completion rates of one-third or higher are traditionally accepted for
the collection of ecologically valid ESM data (54). Compared to the
aforementioned methods of a digital palm-computer or a paper-and-
pencil diary in combination with a digital watch, one would expect
higher completion rates and better user experiences with an ESM
smartphone app. This was true when researchers started to use
smartphones, but now users are overburdened with notification
signals and consequently only respond periodically to buffered signals.
Often, buffered ESM signals are not active anymore because they
exceed the scheduled time to respond. All over the world, smartphone-
based ESM response rates are dropping. This may explain the lower
completion rates in this study. Other explanations as population,
setting, duration and frequency of questionnaires, types of questions,
length of questionnaire, and quality of the briefing session may have
marginal additional impact on adherence rates (54).

For actigraphy (alone), various studies have demonstrated its
usability in populations with psychosis or other severe mental illness,
for example, in a large sample (1 =184) of long-stay inpatients (18).
However, in this relevant study, the aimed measurement of five
consecutive days was often not reached and researchers observed
challenges in using the devices for a longer period of time.

From a scientific perspective, long-term periods of monitoring
with high sampling frequencies seem attractive for the collection of
large amounts of data, but burden to the patient, user-experiences and
clinical feasibility are often neglected. It is important to establish the
optimum ESM and actigraphy intensity and/or duration for the
implementation of these methods in psychiatric research and clinical
practice. The current feasibility study is in line with ESM guidance
papers, where a typical design of 6-7 days with a sampling frequency
of 10 questionnaires per day is proposed (29, 31, 54). These
specifications were used in previous ESM feasibility and validity
studies and were considered sufficient in power analyses that stress
that more subjects are more important than more beeps. This study
showed that adding actigraphy to ESM under these specifications was
feasible and did not put an extra burden on the participants. Thus, the
current study provides valuable insight in the feasibility and usability
of ESM and actigraphy in patients with psychosis.

4.1. Limitations

Some limitations should be noted. First, considering the small
sample size of patients with a relatively stable psychiatric
condition, the generalizability of the study should be interpreted
with caution. However, for the inclusion of patients, no restrictions
were made on the stage of the disease, symptom severity or
substance abuse, to obtain a diverse sample of patients with
schizophrenia spectrum disorders. Furthermore, the low psychotic
symptom severity scores in the sample do not necessarily mean
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that the sample is not representative; understandably, patients
who are relatively stable and treatment compliant want to
participate in such a study. Therefore, the sample represents
patients for whom these novel developments can be used in
clinical practice. Furthermore, the stable condition of patients
offers the possibility of a longer duration of sampling and intensive
measurement of symptomatic, behavioral, and environmental
factors. Second, we assessed the feasibility and acceptability of a
specific sampling duration (i.e., 7 days) and frequency (i.e., a total
of 10 daily questionnaires and actigraphy during day and night),
and therefore cannot extrapolate our results to longer durations
of monitoring or more intensive sampling frequencies. Previous
ESM studies have demonstrated that a sampling duration of up to
10 days with a sampling frequency of 8-10 questionnaires per day
is acceptable for the collection of ecologically valid data in
psychosis research (28, 29, 31).

4.2. Future challenges and directions

The application and interpretation of this “real-world” data
for clinical research faces several challenges (53). First, while
wearable sensor data claim to be objective and more precise than
the regular, clinician-rated, assessment methods, the content
validity of wearable sensor data often remains unclear. For
example, when actigraphy is compared to polysomnographic
measures of sleep, actigraphy tends to overestimate total sleep
time and sleep efficiency, especially in patients with a chronic
condition (14). However, actigraphy has the major advantage over
polysomnography that it can be applied in a patient’s home
environment for multiple days, compared to the usually one-day
clinical setting of polysomnography measurements. Second, ESM
and wearable sensor studies primarily aim observational data
collection, although repeated measures with a substantial number
of data points can be used to gain insight into causality (e.g.,
interrupted time series design). The combination of ESM and
wearable sensor data collection allows for detecting small or fast
changes over time and thereby helps disentangling complex
symptom-behavior-environment interactions. Third, although
ESM and wearable approaches are non-intrusive and user-friendly,
they may not be suitable for all types of populations. For example,
one may presuppose that patients experiencing an acute episode
of psychosis, elderly patients unfamiliar with mobile devices, or
patients with intellectual disabilities can experience difficulties in
using these methods. However, ESM studies have shown that these
methods are feasible and provide valid and reliable data for the
aforementioned populations (55-57). ESM and wearable sensor
methods can be adjusted to the patient’s needs and capabilities,
e.g., with respect to the question types, intensity and duration of
the measurements, and support in using the mobile or wearable
devices, and therefore can be used in a wide range of
clinical populations.

5. Conclusion

The combination of ESM and actigraphy is a feasible and
acceptable method for patients with psychosis. It can be used for the
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collection of real-world, ecologically valid, (semi) continuous data on
sleep patterns, physical activity, and daily life symptoms, can offer
new and valuable insights into the relationships between sleep,
activity, psychopathology, and functioning. As mobile technologies
are ubiquitous, also in psychiatric populations, these novel methods
can be easily implemented in clinical and research practice and pave
the way for psychosis prediction, new (early) intervention targets,
and personalized treatment.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by Medical Ethical Committee of Maastricht University. The
patients/participants provided their written informed consent to
participate in this study.

Author contributions

LP, JD, PD, and PH: conceptualization and methodology. LP and
SV: data curation, formal analysis, investigation, and visualization. LP,
JD, and PH: project administration. PD and PH: resources. JD, PD,
and PH: supervision. LP: writing—original draft. JD, PD, PH, and SV:
writing—review and editing. All authors contributed to the article and
approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1107812/
full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1107812
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1107812/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1107812/full#supplementary-material

Pieters et al.

References

1. Stubbs, B, Firth, J, Berry, A, Schuch, FB, Rosenbaum, S, Gaughran, F, et al. How
much physical activity do people with schizophrenia engage in? A systematic review,
comparative meta-analysis and meta-regression. Schizophr Res. (2016) 176:431-40. doi:
10.1016/j.schres.2016.05.017

2. Laursen, TM, Munk-Olsen, T, and Vestergaard, M. Life expectancy and
cardiovascular mortality in persons with schizophrenia. Curr Opin Psychiatry. (2012)
25:83-8. doi: 10.1097/YCO.0b013e32835035ca

3. Vancampfort, D, Knapen, J, Probst, M, Scheewe, T, Remans, S, and De Hert, M. A
systematic review of correlates of physical activity in patients with schizophrenia. Acta
Psychiatr Scand. (2012) 125:352-62. doi: 10.1111/j.1600-0447.2011.01814.x

4. Walther, S, Ramseyer, F, Horn, H, Strik, W, and Tschacher, W. Less structured
movement patterns predict severity of positive syndrome, excitement, and
disorganization. Schizophr Bull. (2014) 40:585-91. doi: 10.1093/schbul/sbt038

5. Czosnek, L, Lederman, O, Cormie, P, Zopf, E, Stubbs, B, and Rosenbaum, S. Health
benefits, safety and cost of physical activity interventions for mental health conditions:
a meta-review to inform translation efforts. Ment Health Phys Act. (2019) 16:140-51.
doi: 10.1016/j.mhpa.2018.11.001

6. Stubbs, B, Vancampfort, D, Hallgren, M, Firth, ], Veronese, N, Solmi, M, et al. EPA
guidance on physical activity as a treatment for severe mental illness: a meta-review of
the evidence and position statement from the European psychiatric association (EPA),
supported by the International Organization of Physical Therapists in mental. Eur
Psychiatry. (2018) 54:124-44. doi: 10.1016/j.eurpsy.2018.07.004

7. Cohrs, S. Sleep disturbances in patients with schizophrenia: impact and effect of
antipsychotics. CNS Drugs. (2008) 22:939-62. doi: 10.1016/j.schres.2016.05.017

8. Davies, G, Haddock, G, Yung, AR, Mulligan, LD, and Kyle, SD. A systematic review
of the nature and correlates of sleep disturbance in early psychosis. Sleep Med Rev. (2017)
31:25-38. doi: 10.1016/j.smrv.2016.01.001

9. Kaskie, RE, Graziano, B, and Ferrarelli, F. Schizophrenia and sleep disorders: links,
risks, and management challenges. Nat Sci Sleep. (2017) 9:227-39. doi: 10.2147/NSS.
S121076

10.Krystal, ~AD. Sleep therapeutics and neuropsychiatric
Neuropsychopharmacology. (2020) 45:166-75. doi: 10.1038/s41386-019-0474-9

11. Wee, ZY, Yong, SWL, Chew, QH, Guan, C, Lee, TS, and Sim, K. Actigraphy studies
and clinical and biobehavioural correlates in schizophrenia: a systematic review. ] Neural
Transm. (2019) 126:531-58. doi: 10.1007/s00702-019-01993-2

12. Krystal, AD, Prather, AA, and Ashbrook, LH. The assessment and management of
insomnia: an update. World Psychiatry. (2019) 18:337-52. doi: 10.1002/wps.20674

illness.

13. Sadeh, A. The role and validity of actigraphy in sleep medicine: an update. Sleep
Med Rev. (2011) 15:259-67. doi: 10.1016/j.smrv.2010.10.001

14. Conley, S, Knies, A, Batten, ], Ash, G, Miner, B, Hwang, Y, et al. Agreement
between actigraphic and polysomnographic measures of sleep in adults with and
without chronic conditions: a systematic review and meta-analysis. Sleep Med Rev.
(2019) 46:151-60. doi: 10.1016/j.smrv.2019.05.001

15. Dyrstad, SM, Hansen, BH, Holme, IM, and Anderssen, SA. Comparison of self-
reported versus accelerometer-measured physical activity. Med Sci Sports Exerc. (2014)
46:99-106. doi: 10.1249/MSS.0b013e3182a0595f

16. Baandrup, L, and Jennum, PJ. A validation of wrist actigraphy against
polysomnography in patients with schizophrenia or bipolar disorder. Neuropsychiatr Dis
Treat. (2015) 11:2271-7. doi: 10.2147/NDT.S88236

17. Firth, J, Stubbs, B, Vancampfort, D, Schuch, FB, Rosenbaum, S, Ward, PB, et al.
The validity and value of self-reported physical activity and Accelerometry in people
with schizophrenia: a population-scale study of the UK biobank. Schizophr Bull. (2018)
44:1293-300. doi: 10.1093/schbul/sbx149

18. Kruisdijk, E, Deenik, ], Tenback, D, Tak, E, Beekman, AJ, van Harten, PN, et al.
Accelerometer-measured sedentary behaviour and physical activity of inpatients with
severe mental illness. Psychiatry Res. (2017) 254:67-74. doi: 10.1016/j.
psychres.2017.04.035

19. Walther, S, Stegmayer, K, Federspiel, A, Bohlhalter, S, Wiest, R, and Viher, PV.
Aberrant Hyperconnectivity in the motor system at rest is linked to motor abnormalities
in schizophrenia Spectrum disorders. Schizophr Bull. (2017) 43:982-92. doi: 10.1093/
schbul/sbx091

20. Docx, L, Sabbe, B, Provinciael, P, Merckx, N, and Morrens, M. Quantitative
psychomotor dysfunction in schizophrenia: a loss of drive, impaired movement
execution or both? Neuropsychobiology. (2013) 68:221-7. doi: 10.1159/000355293

21. Shin, S, Yeom, C-W, Shin, C, Shin, J-H, Jeong, JH, Shin, JU, et al. Activity
monitoring using a mHealth device and correlations with psychopathology in patients
with chronic schizophrenia. Psychiatry Res. (2016) 246:712-8. doi: 10.1016/j.
psychres.2016.10.059

22. Chen, L-, Steptoe, A, Chung, M-S, and Ku, P-W. Association between actigraphy-
derived physical activity and cognitive performance in patients with schizophrenia.
Psychol Med. (2016) 46:2375-84. doi: 10.1017/50033291716000921

23. Sebela, A, Kolenic, M, Farkova, E, Novak, T, and Goetz, M. Decreased need for
sleep as an endophenotype of bipolar disorder: an actigraphy study. Chronobiol Int.
(2019) 36:1227-39. doi: 10.1080/07420528.2019.1630631

Frontiers in Psychiatry

10.3389/fpsyt.2023.1107812

24. Wichniak, A, Skowerska, A, Chojnacka-Wdjtowicz, J, Taflinski, T, Wierzbicka, A,
Jernajczyk, W, et al. Actigraphic monitoring of activity and rest in schizophrenic patients
treated with olanzapine or risperidone. J Psychiatr Res. (2011) 45:1381-6. doi: 10.1016/j.
jpsychires.2011.05.009

25. Martin, JL, Jeste, DV, and Ancoli-Israel, S. Older schizophrenia patients have more
disrupted sleep and circadian rhythms than age-matched comparison subjects. J
Psychiatr Res. (2005) 39:251-9. doi: 10.1016/j.jpsychires.2004.08.011

26. Afonso, P, Brissos, S, Figueira, ML, and Paiva, T. Schizophrenia patients with
predominantly positive symptoms have more disturbed sleep-wake cycles measured by
actigraphy. Psychiatry Res. (2011) 189:62-6. doi: 10.1016/j.psychres.2010.12.031

27. Bromundt, V, Koster, M, Georgiev—Kill, A, Opwis, K, Wirz-Justice, A, Stoppe, G,
et al. Sleep-wake cycles and cognitive functioning in schizophrenia. Br J Psychiatry.
(2011) 198:269-76. doi: 10.1192/bjp.bp.110.078022

28. Delespaul, P. Assessing schizophrenia in daily life: The experience sampling method.
Matser thesis. Maastricht University, Maastricht. (1995)

29.van Os, ], Verhagen, S, Marsman, A, Peeters, F, Bak, M, Marcelis, M, et al. The
experience sampling method as an mHealth tool to support self-monitoring, self-insight,
and personalized health care in clinical practice. Depress Anxiety. (2017) 34:481-93. doi:
10.1002/da.22647

30. Kimhy, D, Delespaul, P, Corcoran, C, Ahn, H, Yale, S, and Malaspina, D.
Computerized experience sampling method (ESMc): assessing feasibility and validity
among individuals with schizophrenia. J Psychiatr Res. (2006) 40:221-30. doi: 10.1016/j.
jpsychires.2005.09.007

31. Verhagen, SJW, Hasmi, L, Drukker, M, van Os, ], and Delespaul, PAEG. Use of the
experience sampling method in the context of clinical trials. Evid Based Ment Health.
(2016) 19:86-9. doi: 10.1136/ebmental-2016-102418

32.Kluge, A, Kirschner, M, Hager, OM, Bischof, M, Habermeyer, B, Seifritz, E, et al.
Combining actigraphy, ecological momentary assessment and neuroimaging to study
apathy in patients with schizophrenia. Schizophr Res. (2018) 195:176-82. doi: 10.1016/j.
schres.2017.09.034

33. Mulligan, LD, Haddock, G, Emsley, R, Neil, ST, and Kyle, SD. High resolution
examination of the role of sleep disturbance in predicting functioning and psychotic
symptoms in schizophrenia: a novel experience sampling study. ] Abnorm Psychol.
(2016) 125:788-97. doi: 10.1037/abn0000180

34. Kammerer, MK, Mehl, S, Ludwig, L, and Lincoln, TM. Sleep and circadian rhythm
disruption predict persecutory symptom severity in day-to-day life: a combined
actigraphy and experience sampling study. ] Abnorm Psychol. (2021) 130:78-88. doi:
10.1037/abn0000645

35. American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders. 5th ed. Washington, DC; Arlington VA: American Psychiatric Association
(2013).

36. Lukoff, D, Nuechterlein, KH, and Ventura, J. Manual for the expanded brief
psychiatric rating scale. Schizophr Bull. (1986) 12:594-602.

37. Andreasen, NC, Flaum, M, and Arndt, S. The comprehensive assessment of
symptoms and history (CASH): an instrument for assessing diagnosis and
psychopathology. Arch  Gen Psychiatry. (1992) 49:615-23. doi: 10.1001/
archpsyc.1992.01820080023004

38. Goldman, HH, Skodol, AE, and Lave, TR. Revising axis V for DSM-IV: a review
of measures of social functioning. Am J Psychiatry. (1992) 149:1148-56. doi: 10.1176/
ajp.149.9.1148

39. Priebe, S, Huxley, P, Knight, S, and Evans, S. Application and results of the
Manchester short assessment of quality of life (MANSA). Int ] Soc Psychiatry. (1999)
45:7-12. doi: 10.1177/002076409904500102

40. Kimhy, D, Delespaul, P, Ahn, H, Cai, S, Shikhman, M, Lieberman, JA, et al.
Concurrent measurement of “real-world” stress and arousal in individuals with
psychosis: assessing the feasibility and validity of a novel methodology. Schizophr Bull.
(2010) 36:1131-9. doi: 10.1093/schbul/sbp028

41. Rintala, A, Wampers, M, Myin-Germeys, I, and Viechtbauer, W. Response
compliance and predictors thereof in studies using the experience sampling method.
Psychol Assess. (2019) 31:226-35. doi: 10.1037/pas0000662

42. Resnick, B, Boltz, M, Galik, E, Fix, S, and Zhu, S. Feasibility, reliability, and validity
of the MotionWatch 8 to evaluate physical activity among older adults with and without
cognitive impairment in assisted living settings. ] Aging Phys Act. (2021) 29:391-9. doi:
10.1123/japa.2020-0198

43. Elbaz, M, Yauy, K, Metlaine, A, Martoni, M, and Leger, D. Validation of a new
actigraph motion watch versus polysomnography on 70 healthy and suspected sleep-
disordered subjects. J Sleep Res. (2012) 21:218.

44, Ancoli-Israel, S, Martin, JL, Blackwell, T, Buenaver, L, Liu, L, Meltzer, L], et al. The
SBSM guide to Actigraphy monitoring: clinical and research applications. Behav Sleep
Med. (2015) 13:54-S38. doi: 10.1080/15402002.2015.1046356

45. R Core Team R: A language and environment for statistical computing. Vienna,
Austria: R-Foundation for Statistical Computing (2013).

46.Kim, H, Lee, S, Lee, S, Hong, S, Kang, H, and Kim, N. Depression prediction by
using ecological momentary assessment, Actiwatch data, and machine learning:

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1107812
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://doi.org/10.1016/j.schres.2016.05.017
https://doi.org/10.1097/YCO.0b013e32835035ca
https://doi.org/10.1111/j.1600-0447.2011.01814.x
https://doi.org/10.1093/schbul/sbt038
https://doi.org/10.1016/j.mhpa.2018.11.001
https://doi.org/10.1016/j.eurpsy.2018.07.004
https://doi.org/10.1016/j.schres.2016.05.017
https://doi.org/10.1016/j.smrv.2016.01.001
https://doi.org/10.2147/NSS.S121076
https://doi.org/10.2147/NSS.S121076
https://doi.org/10.1038/s41386-019-0474-9
https://doi.org/10.1007/s00702-019-01993-2
https://doi.org/10.1002/wps.20674
https://doi.org/10.1016/j.smrv.2010.10.001
https://doi.org/10.1016/j.smrv.2019.05.001
https://doi.org/10.1249/MSS.0b013e3182a0595f
https://doi.org/10.2147/NDT.S88236
https://doi.org/10.1093/schbul/sbx149
https://doi.org/10.1016/j.psychres.2017.04.035
https://doi.org/10.1016/j.psychres.2017.04.035
https://doi.org/10.1093/schbul/sbx091
https://doi.org/10.1093/schbul/sbx091
https://doi.org/10.1159/000355293
https://doi.org/10.1016/j.psychres.2016.10.059
https://doi.org/10.1016/j.psychres.2016.10.059
https://doi.org/10.1017/S0033291716000921
https://doi.org/10.1080/07420528.2019.1630631
https://doi.org/10.1016/j.jpsychires.2011.05.009
https://doi.org/10.1016/j.jpsychires.2011.05.009
https://doi.org/10.1016/j.jpsychires.2004.08.011
https://doi.org/10.1016/j.psychres.2010.12.031
https://doi.org/10.1192/bjp.bp.110.078022
https://doi.org/10.1002/da.22647
https://doi.org/10.1016/j.jpsychires.2005.09.007
https://doi.org/10.1016/j.jpsychires.2005.09.007
https://doi.org/10.1136/ebmental-2016-102418
https://doi.org/10.1016/j.schres.2017.09.034
https://doi.org/10.1016/j.schres.2017.09.034
https://doi.org/10.1037/abn0000180
https://doi.org/10.1037/abn0000645
https://doi.org/10.1001/archpsyc.1992.01820080023004
https://doi.org/10.1001/archpsyc.1992.01820080023004
https://doi.org/10.1176/ajp.149.9.1148
https://doi.org/10.1176/ajp.149.9.1148
https://doi.org/10.1177/002076409904500102
https://doi.org/10.1093/schbul/sbp028
https://doi.org/10.1037/pas0000662
https://doi.org/10.1123/japa.2020-0198
https://doi.org/10.1080/15402002.2015.1046356

Pieters et al.

observational study on older adults living alone. JMIR mHealth. (2019) 7:e14149. doi:
10.2196/14149

47. Minaeva, O, Riese, H, Lamers, F, Antypa, N, Wichers, M, and Booij, SH. Screening
for depression in daily life: development and external validation of a prediction model
based on Actigraphy and experience sampling method. ] Med Internet Res. (2020)
22:€22634. doi: 10.2196/22634

48. Cousins, JC, Whalen, DJ, Dahl, RE, Forbes, EE, Olino, TM, Ryan, ND, et al. The
bidirectional association between daytime affect and nighttime sleep in youth with
anxiety and depression. J Pediatr Psychol. (2011) 36:969-79. doi: 10.1093/jpepsy/jsr036

49. Bertz, JW, Epstein, DH, and Preston, KL. Combining ecological momentary
assessment with objective, ambulatory measures of behavior and physiology in
substance-use research. Addict Behav. (2018) 83:5-17. doi: 10.1016/j.addbeh.2017.11.027

50. Kimhy, D, Wall, MM, Hansen, MC, Vakhrusheva, ], Choi, CJ, Delespaul, P, et al.
Autonomic regulation and auditory hallucinations in individuals with schizophrenia:
an experience sampling study. Schizophr Bull. (2017) 43:754-63. doi: 10.1093/schbul/
sbw219

51. Johnson, EI, Grondin, O, Barrault, M, Faytout, M, and Helbig, S. Computerized
ambulatory monitoring in psychiatry: a multi-site collaborative study of acceptability,
compliance, and reactivity. Int ] Methods Psychiatr Res. (2009) 18:48-57. doi: 10.1002/
mpr.276

Frontiers in Psychiatry

08

10.3389/fpsyt.2023.1107812

52. Granholm, E, Loh, C, and Swendsen, . Feasibility and validity of computerized
ecological momentary assessment in schizophrenia. Schizophr Bull. (2008) 34:507-14.
doi: 10.1093/schbul/sbm113

53. De Calheiros, V], Habets, ], George, SV, Niemeijer, K, Minaeva, O, Hagemann, N,
et al. Designing daily-life research combining experience sampling method with parallel
data. Psychol Med. (2022) 1-10. doi: 10.1017/S0033291722002367

54. Palmier-Claus, JE, Myin-Germeys, I, Barkus, E, Bentley, L, Udachina, A,
Delespaul, PAEG, et al. Experience sampling research in individuals with mental illness:
reflections and guidance. Acta Psychiatr Scand. (2011) 123:12-20. doi:
10.1111/j.1600-0447.2010.01596.x

55. So, SH, Peters, ER, Swendsen, J, Garety, PA, and Kapur, S. Detecting improvements
in acute psychotic symptoms using experience sampling methodology. Psychiatry Res.
(2013) 210:82-8. doi: 10.1016/j.psychres.2013.05.010

56. Wilson, NJ, Chen, Y, Mahoney, N, Buchanan, A, Marks, A, and Cordier, R.
Experience sampling method and the everyday experiences of adults with intellectual
disability: a feasibility study. ] Appl Res Intellect Disabil. (2020) 33:1328-39. doi: 10.1111/
jar.12753

57. Mann, AS, Boeder, ], Tse, DCK, Graham, L, and Nakamura, J. Solitary Prosociality

in later life: an experience sampling study. Res Aging. (2022) 44:724-33. doi:
10.1177/01640275211062124

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1107812
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://doi.org/10.2196/14149
https://doi.org/10.2196/22634
https://doi.org/10.1093/jpepsy/jsr036
https://doi.org/10.1016/j.addbeh.2017.11.027
https://doi.org/10.1093/schbul/sbw219
https://doi.org/10.1093/schbul/sbw219
https://doi.org/10.1002/mpr.276
https://doi.org/10.1002/mpr.276
https://doi.org/10.1093/schbul/sbm113
https://doi.org/10.1017/S0033291722002367
https://doi.org/10.1111/j.1600-0447.2010.01596.x
https://doi.org/10.1016/j.psychres.2013.05.010
https://doi.org/10.1111/jar.12753
https://doi.org/10.1111/jar.12753
https://doi.org/10.1177/01640275211062124

	Combining actigraphy and experience sampling to assess physical activity and sleep in patients with psychosis: A feasibility study
	1. Introduction
	2. Materials and methods
	2.1. Study population
	2.2. Procedures
	2.3. Experience sampling method
	2.4. Actigraphy
	2.5. Analysis

	3. Results
	3.1. Study population
	3.2. Actigraphy
	3.3. Experience sampling method

	4. Discussion
	4.1. Limitations
	4.2. Future challenges and directions

	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher’s note
	Supplementary material

	﻿References

