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A B S T R A C T

Background: Post-stroke depression (PSD) is a neuropsychiatric sequela that causes serious adverse effects on the
prognosis of stroke patients. Our developed iPad application is a very innovative approach designed to improve
participants' depressive symptoms by presenting positive words stimuli in a video. Although this application has
fewer side effects than existing pharmacological and non-pharmacological interventions and is likely less bur-
densome for patients and caregivers, its efficacy for PSD has not been investigated. Here we present a pilot
randomized controlled trial (RCT) protocol to investigate the therapeutic potential of this application inter-
vention for PSD patients.
Methods: This study is designed as a 5-week, single-center, open-label, parallel-group, pilot RCT. Thirty-two
patients with PSD will be randomly assigned to a combination of the iPad application and usual rehabilitation or
usual rehabilitation alone (1:1 allocation ratio). The iPad application intervention lasts 3 min a day, and the
usual rehabilitation lasts 3 h a day. The primary outcome is the change from baseline in The Center for
Epidemiologic Studies Depression Scale score at the end of the 5-week intervention.
Discussion: This pilot RCT is the first study to investigate the potential of iPad application interventions to reduce
depressive symptoms in PSD patients. This pilot RCT determines whether this is a viable and effective inter-
vention and informs the design for a full-scale trial. If our hypothesis is correct, this trial can provide evidence to
augment the standard practice of iPad application interventions to improve depressive symptoms in patients
with PSD.

1. Introduction

Stroke is a serious medical condition that requires long-term re-
habilitation (Tam and Bayley, 2018; Villa et al., 2018). Stroke patients
have adverse health effects, including paralysis, dysphagia, language
problems, and cognitive impairment (Kornfeld et al., 2017; Wang et al.,
2018a; Salehi et al., 2019; Baumann et al., 2014; Volk et al., 2019;
Chang et al., 2016). In addition, several neuropsychiatric problems may
occur after a stroke, particularly post-stroke depression (PSD) (Fishman
et al., 2019; Villa et al., 2018; Mitchell et al., 2017; Almeida and Xiao,
2007; Robinson and Jorge, 2016). PSD, a chronic disease with a sig-
nificant negative impact on the prognosis of stroke patients, is a serious

complication after stroke and affects approximately 30% of stroke pa-
tients (Tam and Bayley, 2018; Ayerbe et al., 2014; Hackett and Pickles,
2014; Hackett et al., 2005). PSD is also frequently unresponsive to
convention treatment, and only 15%–50% of patients are reported to
recover one year after PSD onset (Ayerbe et al., 2013; Berg et al., 2003;
Kouwenhoven et al., 2011; Lenzi et al., 2008; Whyte and Mulsant,
2002). Clinical manifestations of PSD include depressed mood as the
main symptom but also apathy, weight loss or gain, sleep disturbances,
fatigue, feelings of worthlessness, and anhedonia (Feng et al., 2014).
These symptoms can limit participation in rehabilitation and thus slow
or reduce recovery of physical function (Villa et al., 2018; Gillen et al.,
2001; Schulte-Altedorneburg and Bereczki, 2014). Additionally, PSD
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increases mortality, decreases quality of life (QOL), impairs activities of
daily living (ADLs), increases care burden, and restricts social partici-
pation (Ellis et al., 2010; Williams et al., 2004; Dou et al., 2018; Han
et al., 2017; Shi et al., 2016; Schulte-Altedorneburg and Bereczki, 2014;
Jiao et al., 2016; Ayerbe et al., 2014; Zhang et al., 2017; Chau et al.,
2009; Ezema et al., 2019; Matsuzaki et al., 2015; Gyagenda et al.,
2015). Therefore, it is essential to develop safe, practical, and effective
interventions to improve depressive symptoms.

The effectiveness of several treatment strategies has been in-
vestigated in PSD patients; however, therapeutic strategies have some
limitations. Antidepressants are commonly used to treat PSD, but their
use increases the risk of adverse events (AEs) (Paolucci, 2017; Hackett
et al., 2008). Cognitive behavioral therapy (CBT) is widely used in PSD
patients (Wang et al., 2018b). However, CBT requires specialized per-
sonnel, increasing cost and limiting the scale of treatment (Zhou et al.,
2016). Further, a recent meta-analysis reporting the efficacy of CBT on
PSD should be considered preliminary rather than definitive due to
substantial heterogeneity across studies and potential bias (Wang et al.,
2018b). Repetitive transcranial magnetic stimulation (rTMS) is a newer
non-invasive intervention aiming to modulate neural excitability and
induce plasticity by magnetic coil stimulation on the scalp (Gu and
Chang, 2017; Duan et al., 2018; Slotema et al., 2010). A recent meta-
analysis suggested that rTMS has beneficial effects on PSD (Shen et al.,
2017). However, since rTMS is a special device, clinical application
may be difficult depending on the treatment environment (Bucur and
Papagno, 2019).

Given the limitations of these interventions, it is critical to develop
new accessible and safe interventions to treat the depressive symptoms
and other health problems of PSD patients. Interventions using mobile
tablet computer applications can address many of these problems.
Mobile tablet computers are widely used in medical practice, and unlike
pharmaceuticals (Schooley et al., 2016) are not subject to strict reg-
ulations (Neugebauer et al., 2017). Moreover, mobile tablet computers
are easily purchased, and there are many inexpensive or free mental
health treatment applications (Pugliese et al., 2018). Therefore, these
application interventions are likely much easier and less burdensome
for patients than existing treatments. While no such applications exist
for PSD (Pugliese et al., 2018), several have been reported to improve
depressive symptoms in patients with clinical depression and sub-
threshold depression (Hung et al., 2016; Takahashi et al., 2019b; Ly
et al., 2014; Ly et al., 2015; Fitzpatrick et al., 2017). To provide a
therapeutic option that is easy to use, less burdensome for patients and
caregivers, and with much lower risk of adverse effects, we have de-
veloped a motion picture-reproducing application called Subliminal
Priming with Supraliminal Reward Stimulation (SPSRS) (Takahashi
et al., 2019b). The SPSRS application automatically displays positive
words in videos to improve depressive symptoms in patients with
subthreshold depression. The SPSRS application allows the user to
search for and watch videos using keywords. Additionally, the SPSRS
application is free and uses the YouTube Application Programming
Interface (API), so videos are plentiful, thus increasing patient enjoy-
ment. Consequently, the SPSRS application is less burdensome for PSD
patients and enables the intervention practitioner to perform a unified
intervention. Previous studies have shown that the SPSRS application
can reduce depressive symptoms in patients with subthreshold de-
pression (Takahashi et al., 2019b). However, there are relatively few
studies on the mechanisms underlying specific symptoms or clinical
features of PSD (Robinson and Jorge, 2016). While PSD may be asso-
ciated with unique neurobiological changes, necessitating specifically
tailored interventions (Feng et al., 2014), the physical and non-physical
symptoms of PSD are broadly similar to those of general depression (de
Man-van Ginkel et al., 2015). Therefore, we speculated that the SPSRS
application may also improve the depressive symptoms of PSD. How-
ever, intervention studies using the SPSRS application have not been
performed on PSD patients. To evaluate the SPSRS application for PSD
patients, we used the methodological framework of the Medical

Research Council (MRC), which includes development, feasibility and
piloting, evaluation, and implementation phases (Craig et al., 2008).
Feasibility and piloting are presented in this study. Pilot studies are the
best way to assess the feasibility of larger-scale and more expensive
trials (Thabane et al., 2010). Conducting a pilot study before larger-
scale trials also increases the likelihood of success by informing optimal
design and scale (Thabane et al., 2010). Therefore, we will conduct a
pilot randomized controlled trial (RCT) to investigate the potential of
the SPSRS application intervention in PSD patients.

2. Methods

2.1. Trial design and study setting

The study is designed as a 5-week, single-center, open-label, pilot,
randomized, parallel-group trial to compare the effectiveness of the
iPad application plus usual rehabilitation to usual rehabilitation alone.
The participants will be PSD patients admitted to the inpatient con-
valescent rehabilitation ward (CRW) of Kurashiki Heisei Hospital in
Okayama Prefecture, Japan. In Japan, CRWs are settings where stroke
patients work to improve ADL performance for home return under the
guidance of physicians, nurses, physical therapists (PTs), occupational
therapists (OTs), and speech therapists (STs) working in a cooperative
and intensive fashion (Miyai et al., 2011). Patients are generally ad-
mitted to CRWs within two months of stroke onset, and the maximum
stay can be up to six months (Miyai et al., 2011).

This study will follow the SPIRIT statement for conduct of clinical
trials (Chan et al., 2013) and has been approved by The Ethics Review
Committee of Kurashiki Heisei Hospital. Kurashiki Heisei Hospital is a
private institution that specializes in the treatment and rehabilitation of
cerebrovascular disorders, musculoskeletal diseases, and disuse syn-
drome. The CRW in Kurashiki Heisei Hospital contains 91 beds and
conducts rehabilitation 365 days a year (i.e., every day) to promote
independent ADLs and home discharge. For stroke patients in this CRW,
PTs, OTs, and STs are assigned individually by the therapist in charge. If
a therapist is absent or unable to intervene, an alternate PT, OT, or ST
may provide rehabilitation. There are no specific departments in this
hospital to treat mental illness.

2.2. Eligibility criteria

Participants will be selected based on the following eligibility cri-
teria: (1) diagnosed with first stroke, (2) men and women, (3) 40 years
or older, (4) Japanese as native language, (5) no cognitive impairment
as evidenced by Mini-Mental State Examination-Japanese (MMSE-J)
score ≥ 24 points (Sugishita et al., 2018), (6) presence of depression
symptoms after stroke as defined by Center for Epidemiologic Studies
Depression Scale (CES-D) score ≥ 16 points (Shima et al., 1985), and
(7) providing informed consent.

Exclusion criteria are as follows: (1) major depressive disorder be-
fore stroke onset, (2) bilateral hemiplegia, (3) vision or hearing deficits
that negatively impact everyday life, (4) severe aphasia, (5) severe
unilateral spatial neglect, (6) diagnosis of neurodegenerative disorders
such as Parkinson's disease and multiple system atrophy, and (7) cur-
rent life-threatening severe organ failure, musculoskeletal disorders, or
cancer.

2.3. Interventions

2.3.1. iPad application
The experiment group in this study will receive a video viewing

intervention using the iPad SPSRS application (Takahashi et al.,
2019b). The SPSRS application allows users to search for and watch
videos using keywords similar to a general video playback application.
This SPSRS application uses a YouTube API so participants can freely
watch videos on YouTube. The difference between this application and
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the standard YouTube application is that in all videos, the SPSRS is
programmed to display common words to improve self-confidence such
as “can”, “let us try”, “good luck”, “able”, and “do not worry”
(Takahashi et al., 2019a). These words are randomly displayed sub-
liminally (for 17 ms) in the four corners of the screen. Soon afterwards,
positive words such as “nice”, “great”, “fantastic”, “satisfactory”, and
“enjoyable” are displayed supraliminally (150 ms) in the middle of the
screen (Takarada and Nozaki, 2014). All words are repeatedly dis-
played every 5 s (See Fig. 1). Therapists will use the SPSRS application
according to the operation manual written by the authors. As a rule, the
experimental group will receive SPSRS application intervention for
approximately 3 min a day, seven days a week, for 5 weeks, for a total
intervention time of 105 min or more. In this study, patients will be able
to watch their favorite videos using an iPad managed by the therapists.
The SPSRS application is filtered so patients cannot watch in-
appropriate videos published on YouTube. If there is no video that the
patient wants to watch, the video will be selected by the therapists at
their own discretion.

All SPSRS intervention viewing times will be recorded through a
history function within the application to monitor adherence. All in-
terventional therapists will be trained to use the SPSRS application and
can refer to the ‘how-to guide’. Viewing adherence will be recorded
once per week.

2.3.2. Usual rehabilitation
The participants in this study will receive a conventional re-

habilitation program consisting of physical therapy, occupational
therapy, and/or speech therapy as required under the direction of a
physician for approximately 3 h every day. The specific rehabilitation
protocols will be chosen in accordance with the 2015 Japanese
Guidelines for the Management of Stroke (The Japan Stroke Society,
2015). In addition, clinical psychologists will provide support as ne-
cessary. Patient reports on conventional rehabilitation will be validated
using electronic medical records. There will be no restrictions on con-
ventional treatment for ethical reasons.

2.4. Criteria for discontinuing or modifying allocated interventions

The intervention will be stopped entirely or for individual partici-
pants for any of the following reasons:

(1) A participant requests to withdraw from the trial or withdraws
consent.

(2) The entire clinical trial is discontinued.
(3) A participant is deemed ineligible after registration.
(4) Frequent AEs or other events that outweigh the potential benefits

are observed.
(5) The principal investigator, physicians, or therapists decide a parti-

cipant should discontinue treatment for any reason.

The date and reason for the cancellation will be fully documented in
the case report form to provide information about the feasibility and
acceptability of the intervention and improve the standard practice of
SPSRS application interventions for future full-scale trials. Whenever
possible, the participants will be asked to participate in assessments
related to the primary and secondary outcomes for determination of
safety and efficacy of the intervention. If a patient refuses to undergo
periodic evaluation or withdraws consent, they are considered to have
dropped out. The data accrued to that point will be analyzed according
to intention-to-treat principles.

All AEs from medical records and observations by the treating
therapist will be included in the analysis. When an AE occurs, the in-
vestigator will assess and document the event's content, duration, se-
verity, outcome, and relevance to study participation. Details regarding
AEs will be immediately reported to the Ethics Review Committee of
Kurashiki Heisei Hospital.

2.5. Outcomes

The primary outcome is the change in the CES-D score from baseline
(Shima et al., 1985) at the end of the 5-week intervention. The sec-
ondary outcomes are the change in scores on the 36-item Short-Form
Health Survey version 2 (SF-36v2) (Fukuhara et al., 1998a; Fukuhara
et al., 1998b), Functional Reach Test (FRT) (Duncan et al., 1990), and
Functional Independence Measure (FIM) (Linacre et al., 1994; Keith
et al., 1987) from baseline to the end of the intervention. Intervention
safety will be assessed by examining the incidence of AEs.

2.6. Recruitment timeline

More than 200 stroke patients enter Kurashiki Heisei Hospital an-
nually, so many participants are expected to be invited. The therapist
will distribute a brochure that provides a brief description of the trial
and then invite patients to participate. Eligible participants will be
enrolled after baseline assessment and randomly assigned to the ex-
perimental intervention or control group. Recruitment and registration
will be completed within a week of entering the CRW. The trial period
is shown in the CONSORT diagram (Fig. 2) (Moher et al., 2010) and
SPIRIT template (Table 1) (Chan et al., 2013). We estimate two regis-
trations per month between May 2019 and March 2022.

2.7. Sample size

The calculation of sample size requires four factors: significance
level, power, an estimate of the group difference, and an estimated
standard deviation (Charles et al., 2009). However, there are no pub-
lished RCTs on the potential efficacy of the SPSRS application inter-
vention on depressive symptoms in PSD patients, so we have no way of
estimating group differences and variances. In fact, one of the main
purposes of this pilot study is to provide information on sample size

Common words to improve self-confidence (displayed for 17 ms) Positive words (displayed for 150 ms)

Fig. 1. SPSRS application.
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calculations for subsequent full-scale trial implementation (Arain et al.,
2010; Thabane et al., 2010). While no formal sample size calculation is
required in a pilot trial, a sufficient enrollment number is necessary to
determine whether a full-scale study is warranted (Thabane et al.,
2010). To estimate effects from pilot studies, 15–20 participants per
group are usually recommended (Hertzog, 2008). Therefore, our goal is
to recruit 16 participants per group as the minimum sample size. The
results of the primary and secondary outcomes in this study will then be
used to calculate sample sizes for full-scale trials.

2.8. Allocation

All eligible patients will be randomly assigned in a 1:1 ratio to the
experimental or control group at the end of the baseline evaluation by
the Central Registry in the Project Management Office at Kibi
International University. The allocation sequence will be generated by a
third party independent of this study using Excel software and provided
to the central registration center. Allocation sequence will be de-
termined according to permuted block randomization of reasonable size
to ensure treatment balance. The block size will not be disclosed until
the trial is complete to ensure concealment. Throughout this process,
patients, raters, and therapists will have no access to information that
may reveal their assignments.

2.9. Blinding

It will be difficult to blind participants and therapists due to the
explicit nature of the intervention. In addition, this study was designed
as an open-label trial because no research staff are necessary to main-
tain blinding of the outcome assessors. However, baseline assessments
will be performed prior to randomization. Furthermore, we will use
standardized methods to measure the primary and secondary outcomes
and perform procedures to audit and maintain data quality. These
processes will reduce the potential for bias resulting from the inability
to maintain blinding during the study.

2.10. Data collection

Standardized operating procedure materials and evaluation man-
uals related to data collection and storage will be provided to the
Kurashiki Heisei Hospital, and training sessions will be held. These
training sessions will last two hours. In addition, regular meetings will
be held to discuss issues related to trial implementation. Outcome as-
sessment will be conducted according to the schedule shown in Table 1.

This study will also collect demographic and other clinical data such
as age, sex, body mass index, stroke type, hemiplegia levels
(Brunnstrom recovery stages) (Brunnstrom, 1970), period from stroke
onset to start of the trial, baseline cognitive function, pre-stroke living
arrangement, education level, smoking habit, drinking habit, and pre-
sence of heart disease, diabetes mellitus, and hypertension as part of the
baseline assessment. In addition, the presence or absence of interven-
tions by clinical psychologists during the trial period will be recorded.

The MMSE-J consists of 10 items assessing orientation, registration,
attention or calculation, recall, naming, repetition, comprehension,
reading, writing, and construction (Sugishita et al., 2018). The total
score ranges from 0 to 30 points with lower score indicative of more
severe cognitive dysfunction. A score of 23 or less indicates the possi-
bility of cognitive impairment (Sugishita et al., 2018). The reliability
and validity of the MMSE-J has been previously reported (Shigemori
et al., 2010; Sugishita et al., 2018).

The CES-D is a 20-item self-report questionnaire used to measure
depressive symptoms (Shima et al., 1985). The CES-D consists of four
subscales related to positive affect, somatic and retarded activity, de-
pressed affect, and interpersonal problems. Each CES-D item is scored
on a four-point Likert scale from 0 to 3. The total score ranges from 0 to
60 points, with higher score indicating stronger depressive symptoms.
The cut-off value for the CES-D is 15/16 points (Shima et al., 1985). A
score of 16 or higher indicates the possibility of depression. The CES-D
is one of the most widely applied indicators of PSD(Meader et al.,
2014), and its reliability and validity have been documented (Ohno
et al., 2017; Shima et al., 1994; Shima et al., 1985; Meader et al., 2014;
Towfighi et al., 2017; Shinar et al., 1986).

The SF-36v2 is a scale used to assess health-related QOL (Fukuhara
et al., 1998a; Fukuhara et al., 1998b). This study will use the standard

Assessed for eligibility

Analysis

5-week Assessment

Allocation to Intervention Group

5-week Assessment

Allocation to Control Group

Analysis

Allocation

Analysis

Follow-Up

Randomized

Enrollment

Fig. 2. CONSORT flowchart of the study design.
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version of the SF-36v2, which consists of eight subscales: physical
functioning, role physical, bodily pain, general health, vitality, social
functioning, role emotional, and mental health. Three summary scores
are calculated from these eight subscales: physical component sum-
mary, mental component summary, and role/social component sum-
mary. Each subscale and the three summary scores are calculated based
on national standard values (50 national standard values and 10 stan-
dard deviations). A higher SF-36v2 score corresponds to better health-
related QOL. The reliability and validity of the SF-36v2 have been de-
monstrated for stroke patients (Suzukamo et al., 2011; Fukuhara et al.,
1998a; Fukuhara et al., 1998b; Carod-Artal, 2012; Dorman et al., 1998;
Hagen et al., 2003; Forsberg and Nilsagård, 2013; Katona et al., 2015).

The FRT evaluates standing balance ability (Duncan et al., 1990)
using the GB-200 rolling resistance device (OG Giken, Okayama,
Japan). The participants flex their shoulder joints to 90 degrees, extend
their fingers, and open both legs to shoulder width. The participants
then fix both feet and reach out as far as possible. The change in dis-
tance of the third finger in the final posture is measured (cm). Higher
FRT values reflect better standing balance. The FRT is measured twice,
and the mean is used for analysis. The reliability and validity of the FRT
for stroke patients have been demonstrated (Weiner et al., 1992;
Merchan-Baeza et al., 2014; Duncan et al., 1992; Duncan et al., 1990;
Merchán-Baeza et al., 2014; Martins et al., 2012; Smith et al., 2004).

The FIM measures activity limitations as the amount of assistance
required to perform basic physical and cognitive activities by observing
participant behaviors (Linacre et al., 1994; Keith et al., 1987). It

consists of 13 motor item and 5 cognitive item subscales, each rated on
a 7-point scale. Total score ranges from 18 to 126 points, with higher
FIM score indicating less assistance needed and thus lower activity
limitations. The FIM has documented reliability and validity for as-
sessment of stroke patients (Estrada-Barranco et al., 2019; Dodds et al.,
1993; Kucukdeveci et al., 2001; Hsueh et al., 2002; Keith et al., 1987;
Gosman-Hedström and Svensson, 2000).

Safety will be defined as the percentage of patients experiencing any
AEs during the study period, whether or not considered causally related
to the study intervention, including death, life-threatening illnesses,
and injuries requiring prolonged hospitalization or resulting in persis-
tent disability. All AEs will be recorded by treating therapists. In ad-
dition, any AEs identified from the electronic medical records will be
included in the analysis.

2.11. Plan to promote participant retention and complete follow-up

The results of the allocation will be communicated to the partici-
pants to increase study transparency. To prevent study dropout, the
therapist will explain that the SPSRS interventions and outcome mea-
sures are available free of charge to the participants. In addition, the
participants will be told that those assigned to the control group can
receive the same SPSRS intervention as the experimental group, if ne-
cessary, after final outcome measurements. Participants who meet the
criteria for discontinuation or who decline the intervention will also be
invited to participate in the fifth week assessment. These requests will

Table 1
The assessment schedule.

STUDY PERIOD

Enrolment Baseline Allocation Intervention

TIMEPOINT -1 0 0 Week 0 Week 5

ENROLMENT:

Eligibility screen X

Informed consent X

Allocation X

INTERVENTIONS:

Experimental group

Control group

ASSESSMENTS:

Demographics X

CES-D X X

SF-36v2 X X

FRT X X

FIM X X

Adverse events X X

CES-D, The Center for Epidemiologic Studies Depression Scale; SF-36v2, The short form 36 health survey version 2; FRT, Functional Reach Test; FIM, Functional
Independence Measure.
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be emphasized and explained to the participants at the time of informed
consent. No financial or physical incentives will be provided to the
patients at any point during the study.

2.12. Data management, confidentiality, and access to data

We will use a two-step management system to ensure data accuracy.
As the first step, the case report form will be copied to paper. The data
will then be entered into an Excel spreadsheet by two independent
researchers using a computer that is not connected to the Internet. The
entered data will be saved on a USB memory device with password
protection. As the management of the second step, the data will be
regularly confirmed by researchers other than the first step researchers.
All obtained data will be stored safely at Kurashiki Heisei Hospital.
Collected paper documents will be stored separately for each partici-
pant. Paper materials related to each participant's evaluation will be
stored in an evaluation file, and intervention materials will be stored in
a separate intervention file. Files that contain the evaluation and in-
tervention forms will be stored on a locked shelf at the Kurashiki Heisei
Hospital. Any information identifying the participants will be excluded
from the paper file, and other identifying information will be recorded
as a participant number to further protect patient privacy. All other
documents, including signed informed consent forms, will be stored on
separate locked shelves. The paper files will be stored for 5 years after
the trial. The USB memory devices(s) will also be stored on a locked
shelf. Only data managers and principal investigators will have access
to the complete data set prior to the publication of key results. Data
managers and principal investigators will examine problems in the data
and finalize a data set for statistical analysis. After publication, only the
principal investigator and individuals approved by the principal in-
vestigator will be allowed access to the dataset. The statistical analysis
will use a computer at Kibi International University that is not con-
nected to the Internet.

2.13. Statistical methods

The primary outcome will be estimated from the mean value using
linear mixed models (LMMs) with the restricted maximum likelihood
estimate method for repeated measurement analysis, and both groups
will be compared. LMM is a statistical method suitable for long-
itudinally designed clinical trials where data may be lost (Gueorguieva
and Krystal, 2004). The primary outcome, the CES-D score, is con-
sidered a dependent variable. The fixed effect factors are group allo-
cation, assessment time point, and interaction between group allocation
and assessment time point. The random effect factors are the partici-
pants. We will set the statistical significance to p < 0.05 (two-sided)
for all tests. The secondary outcomes will be analyzed in the same way.
The safety analysis will use a cross table to compare the occurrence of
AEs between groups. A subgroup analysis is not planned at this time.
The latest version of SPSS will be used to analyze all data. We will also
report the effect size (Hedge's g) between groups (Hedges, 1981;
Hedges and Olkin, 1985). According to the intention-to-treat principle,
all data from assigned participant will entered into the analysis.

2.14. Data monitoring and auditing

The size of this pilot RCT and the amount of personal information
collected will be limited to facilitate analysis and minimize participant
risk. Furthermore, no harmful effects or significant results are expected
by the end of the intervention. Therefore, no formal data monitoring
committee has been assigned and no data auditing is planned at this
time. In addition, no interim analysis of intervention impact is planned.

2.15. Ethics and dissemination (approval, protocol amendments, and
consent)

This trial has been approved by the Ethics Review Committee of
Kurashiki Heisei Hospital (approval number: H30–038) and will be
conducted in accordance with The Code of Ethics of the World Medical
Association's Declaration of Helsinki. The details of this trial will be
explained to the patients by the principal investigator or collaborator
before participation using trial information materials. Changing the
research plan requires approval from the Ethics Review Committee of
Kurashiki Heisei Hospital. The researchers will briefly explain the po-
tential risks and benefits of study participation before the patient enters
the study. In addition, it will be documented that the patient under-
stands the risks and benefits of the intervention. Written informed
consent will be obtained from patients who have agreed to participate
in the study. The signature and date on the informed consent form will
be verified before the intervention.

2.16. Ancillary and post-trial care

The participants will be able to contact the researchers during the
study period and from the end of participation until discharge. The
researchers will observe the progress of the participants after the in-
tervention is completed, and changes in physical condition will be
noted. We cannot guarantee that unanticipated complications will not
occur during or after completion of the study. In the unlikely event of
serious complications or adverse health effects, appropriate measures
will be taken according to standard treatment guidelines for adverse
health effects during ordinary medical care. Medical expenses will be
borne by patients in the same way as ordinary medical care.

2.17. Dissemination policy

The results of this study, whether showing efficacy or no efficacy,
will be submitted to a peer-reviewed journal. Further dissemination will
be achieved by reporting the findings and scientific significance at
various academic society functions.

3. Discussion

PSD limits a patient's involvement in rehabilitation and slows clin-
ical recovery, thereby reducing QOL, functional independence, and
social participation (Chau et al., 2009; Zhang et al., 2017; Gyagenda
et al., 2015; Matsuzaki et al., 2015; Ezema et al., 2019; Ayerbe et al.,
2014; Jiao et al., 2016; Shi et al., 2016; Schulte-Altedorneburg and
Bereczki, 2014; Gillen et al., 2001; Villa et al., 2018). Several inter-
ventions, such as drug therapy, CBT, and rTMS, have demonstrated
efficacy against PSD (Shen et al., 2017; Hackett et al., 2008; Paolucci,
2017; Wang et al., 2018b), but all have side effects, require specialized
staff for administration or monitoring, and incur substantial costs both
to the patient and the healthcare system (Zhou et al., 2016; Bucur and
Papagno, 2019; Paolucci, 2017; Hackett et al., 2008). Our SPSRS ap-
plication for presenting positive word stimuli on YouTube videos is
designed to improve depressive symptoms non-invasively and with
little risk of AEs (Takahashi et al., 2019b). This SPSRS application can
also provide a uniform intervention and reduce the burden on PSD
patients and therapists. In addition, mobile tablet computers are in-
expensive (Pugliese et al., 2018) and the SPSRS application is free
(Takahashi et al., 2019b), which may allow for broad application for
outpatients with limited mobility, rural patients, and patients in less
developed countries where the expertise and equipment required for
other interventions such as CBT and rTMS are unavailable. Previous
studies have shown that the SPSRS application can reduce depressive
symptoms in patients with subthreshold depression. It has been sug-
gested that the physical and non-physical symptoms of PSD are broadly
similar to those of general depression (de Man-van Ginkel et al., 2015).
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For this reason, we speculated that the SPSRS application developed for
subthreshold depression may improve the depressive symptoms of PSD
patients. However, no SPSRS application intervention has yet been
implemented for PSD patients. Therefore, the purpose of this pilot RCT
was to investigate the potential of a SPSRS intervention consisting of an
iPad application aimed at improving depressive symptoms in PSD pa-
tients.

The results of this study will provide a foundation for future tablet-
based application interventions for PSD patients. After the study is
complete, we will be ready to design a full-scale RCT following the
template of the pilot study, design a full-scale RCT with modifications,
or decide that a full-scale RCT is not possible or warranted. Until po-
sitive results are available, it is still possible to prepare for a full-scale
RCT, including at other centers managing the care of patients with PSD.

A recent systematic review reported insufficient data to evaluate the
efficacy of mobile health applications (McKay et al., 2018). This may
lead to potentially incomplete and inaccurate guidance. There are
special barriers to conducting RCTs on medical devices, including trial
design issues such as randomization, participant acceptance and com-
pliance, blinding, and determining appropriate outcome measures
(Neugebauer et al., 2017). Therefore, trials must be carefully designed
to minimize the risk of bias. We designed this pilot trial to enhance the
scientific validity of any future large-scale study. However, considering
medical trial management regulations in Japan, stricter conditions for
conducting the trial could not be applied. First, the study will not be
blinded, which can bias intervention therapists, participants, and eva-
luators. Given the nature of the study, it is difficult to blind intervention
therapists and participants. In full-scale trials, the evaluator must be
blinded. Second, this pilot study will be conducted in only one hospital.
Therefore, the findings may not be applicable to all PSD patients
(Dechartres et al., 2011). Third, this study is the first to examine the
efficacy of the SPSRS application for PSD patients, so no formal sample
size calculation was performed (we will use a recommended minimum
sample size for conducting pilot studies). This may limit the ability to
evaluate group, time, and group × time interaction effects. For these
reasons, it is important not to over-interpret the results of this pilot
study.

4. Conclusion

This pilot RCT is the first study to investigate the potential of our
SPSRS application displaying positive word stimuli in YouTube videos
for reducing depressive symptoms in PSD patients. This pilot RCT is
based on standardized, robust procedures and is designed according to
rigorous methods of scientific investigation. Therefore, we believe the
study can determine whether the SPSRS application is a potentially
viable and effective intervention device warranting larger-scale studies.
Further, this study will provide guidance for the design of such studies.
If our hypothesis is correct, this trial may provide evidence that aug-
menting standard rehabilitation practice with SPSRS application in-
terventions can improve depressive symptoms in patients with PSD.

Trial registration

ClinicalTrials.gov; Identifier: NCT03864484
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