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ABSTRACT

Purpose: Evidence-based treatments for fatigue after brain injury are scarce and often not personalized.
An approach to foster personalization is Experience Sampling Methodology (ESM), consisting of repeated
daily measurements of fatigue and related factors in daily life. We investigated the feasibility and usability
of a novel six-week ESM-based intervention for fatigue after brain injury.

Materials and methods: Ten individuals with acquired brain injury (six men; four women) aged between
36-70 years (M =53.3, SD = 12.9) used a mHealth application for three days each week during six-weeks;
seven completed the intervention. Momentary fatigue, activities, mood, worrying, and social context
were assessed with ESM and participants received weekly personalized feedback by a therapist..
Results: 56% of ESM-questionnaires (568/1008) were completed, providing detailed insights into indivi-
dual fatigue patterns. No statistically significant decrease in response rate was found over the course of
treatment. Qualitative feedback from participants revealed increased insight into factors underlying
fatigue, and no problems with treatment duration or difficulties using the app. Five participants showed
a decline in fatigue level during treatment.

Conclusions: This pilot study provides initial support for the feasibility and usability of this novel
blended-care intervention, aimed at alleviating fatigue through personalized feedback and treatment
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strategies.

Introduction

Acquired brain injury (ABI) refers to nondegenerative damage to
the brain sustained after birth. This injury can, for instance, result
from stroke, mild to severe traumatic brain injury (TBI), hypoxic
brain injury, inflammation of the brain, or a brain tumor (1,2).
Moreover, it is estimated that more than 69 million individuals
worldwide suffer an ABI each year (3). Long-term consequences
of ABI are multifaceted and range from sensory and/or motor to
cognitive, emotional, and behavioral disturbances. One of the
most common and persistent complaints among individuals
with ABI is fatigue (4). Individuals with ABI often report fatigue
that differs from what is considered to be normal fatigue in that it
appears more quickly, even during relatively non-demanding
tasks, and requires long recovery with rest (5).

It has been posited that in the first months after an ABI, fatigue
is primarily a consequence of the dysfunction of brain interac-
tions, that is, a primary brain injury-induced symptom (6). After
the recovery phase, fatigue may become determined by other
factors such as mood, behavior, social or physical activities (7-
12). Research has demonstrated that the factors found to be
associated with fatigue may differ significantly between

individuals with ABI (13,14). Therefore, it is important to develop
targeted personalized treatments to manage (chronic) fatigue
after brain injury.

Among available non-pharmacological treatments are psy-
chological interventions such as cognitive behavioral therapy
or mindfulness-based stress reduction (MBSR) (14-18).
Physical exercise interventions have also been used, including
aquatic physical activity, fitness-center-based exercise, Tai Chi,
and aerobic training (19-22). A combination of physical train-
ing and cognitive behavioral therapy has been shown to be
effective in alleviating fatigue after stroke (18,23). However,
evidence-based treatments for fatigue after ABI are still scarce
and focus only on one or two factors that may influence fatigue
(13,14). Moreover, a systematic review (14) showed that the
quality of evidence supporting some of these available treat-
ment options has been assessed as (very) low according to the
Grading of Recommendations, Assessment, Development and
Evaluation (GRADE) system. All these interventions have inves-
tigated the manipulation of psychological or physical factors
related to fatigue. Some of these interventions, especially those
combining psychological and physical training elements, are
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highly intensive, time-consuming, and expensive, which may
limit the implementation in clinical settings. Most interventions
are non-personalized (i.e. standardized) and conducted at group
level, where all individuals receive the same treatment protocol.
Information about a person’s unique living conditions and the
factors that are associated with fatigue for this person are not
consistently measured and incorporated in existing treatments
(13,16,24-26), whereas we know that fatigue after ABI is
a multifactorial symptom that includes physical, psychological,
motivational, contextual, and activity-related components and
is therefore person dependent (12,27). A more personalized
intervention is needed to tackle the problem of heterogeneity
of factors that may contribute to fatigue after ABIL. A promising
approach to achieve personalized treatment of fatigue is the use
of the ‘Experience Sampling Method’ (ESM) as the basis for an
intervention (28,29).

ESM is a structured diary method that allows measuring
symptoms, experience, behavior and contextual information
through repeated daily measurements in the flow of daily life
(30,31). Based on these daily measurements, ESM allows
detailed and personalized insight into fatigue and the factors
that contribute to the maintenance of fatigue, which may differ
across individuals (32,33). Recent ESM research (34) showed
that the relation between fatigue and physical activity largely
differs between individuals, with some showing more fatigue
after physical activity but others showing no association at all
or even less fatigue. These results suggest that the potential
effectiveness of a one-size-fits-all physical exercise interven-
tion for fatigue is a priori limited because different individuals
require different approaches. Moreover, ESM overcomes
memory bias since it uses real-time measurements of experi-
ences instead of retrospective questionnaires relying on mem-
ory recall (35). This is important because persons with ABI
often experience cognitive problems that may undermine
accurate recollection from memory of information relevant
to the diagnostic and treatment process (36). ESM has been
shown to be a feasible method in ABI populations with com-
pliance rates ranging from 65% to 75% (32,34,35,37,38).
Ecological momentary intervention (EMI) combines ESM
assessment with providing personalized feedback and
encouraging behavioral change within the context of
a person’s daily life (39). For instance, in the treatment of
depression, the application of ESM as part of treatment has
been proven to be effective in reducing depressive symptoms
(40). Further, a recent review that investigated mobile health
(mHealth) technology for long-term assessment in ABI indi-
viduals, revealed that giving feedback based on personalized
data from individuals creates a sense of control by the indivi-
dual, so-called sense of agency (41). Such interventions have
not been investigated for the treatment post-ABI fatigue yet.

The purpose of the current study was to investigate the
feasibility and usability of an ESM-based intervention aimed at
alleviating fatigue in an ABI individual population. To achieve
this, a pilot study was conducted, with a newly developed six-
week ESM intervention for fatigue using the mobile application
PsyMate™ (www.Psymate.eu) in a small sample of individuals
with ABL The blended-care intervention combines ESM data
collection by individuals with ABI with weekly, personalized
feedback sessions with a therapist. The added value of this
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intervention lies in detailed insight into daily symptom patterns
that may be unique to an individual, combined with behavioral
interventions in daily life. This intervention thereby creates the
possibility to promote healthy and adaptive behavioral change
based on participants’ own data, displayed in graphs, and sup-
ported by feedback from healthcare professionals. Based on
earlier research and results with ESM in ABI individuals
(32,34,35,37,38) we hypothesize that the intervention is feasible
and usable. Feasibility is investigated by determining the
response rates to the ESM questionnaires on a weekly basis
during this six-week intervention and the responses of indivi-
duals to debriefing questionnaires. In addition, the individuals’
fatigue progression as response to the intervention is explored.

Methods
Participants

Participants were recruited at the Maastricht University
Medical Center (MUMC+) and at the Adelante rehabilitation
clinic in Hoensbroek, the Netherlands. Individuals who fin-
ished a rehabilitation treatment, but still experienced fatigue
symptoms at the end of their rehabilitation program, were
approached for participation in this study.

Inclusion criteria for the study were:

(1) age 18 or above;

(2) being diagnosed with ABI;

(3) reporting fatigue symptoms;

(4) good comprehension of Dutch;

(5) capable of handling smartphone;

(6) willing and able to give informed consent.

Exclusion criteria were:
1. Participation assessed as potentially too burdening based on
clinical judgment. Such as patients with:

- motor limitations, due to hemiparesis or limitations with

tine motor skills

- language problems, such as aphasia
2. Diagnosis of chronic fatigue syndrome or fibromyalgia or
currently undergoing cancer treatment (self-reported).

The assessment of fatigue symptoms prior to study participa-
tion was based on self-reported fatigue complaints of the patient
to their treating therapist. Subsequently, prior to the start of the
intervention, all participants completed the Dutch Multifactorial
Fatigue Scale as well. All participants gave their informed consent.

Ethics Review Committee Psychology and Neuroscience of
Maastricht University approved the study.

Experience sampling method

We used a mobile Health application, PsyMate™ (http://
www.psymate.eu), that was developed by the department of
Psychiatry of Maastricht UMC+ and Maastricht University,
the Netherlands. The PsyMate, a mHealth-application, is
a structured diary technique that allows investigating fatigue
and other symptoms in daily life through repeated real-time
assessment in natural environments (32).


http://www.Psymate.eu
http://www.psymate.eu
http://www.psymate.eu
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The app was programmed to emit eight notifications a day,
3 days per week, at random moments between 7:30 in the
morning and 22:30 in the evening, with the restriction that
notifications were separated by at least 15 min and no more
than 270 min. The average interval was set to 90 min. After
each notification, participants were requested to fill in a 28-
item questionnaire in the app, taking approximately 2-3 min
to complete. If a person did not respond to a notification
within 15 min, that specific questionnaire was skipped and
registered as missing data. The participants have received the
instruction to answer as much as they could from these eight
notifications.

Questions contained the following themes, firstly, affective
state was measured in eight items using Likert scales ranging
from 1 to 7, with 1 signifying ‘strongly disagree’ and 7 signify-
ing ‘strongly agree.” Examples of questions measuring affective
state are ‘I feel confident’ and ‘T am worrying’. Secondly,
participants rated their currently experienced fatigue on
a 7-point Likert scale, with 1 signifying ‘no fatigue’ and 7
signifying ‘extreme fatigue.’ There were three fatigue items
measuring, respectively, general (‘I feel tired’), physical (‘I
feel physically tired’) and mental fatigue (‘I feel mentally
tired’). Thirdly, questions about physical or mental exertion
since the last notification were asked. Fourthly, activities were
measured by means of multiple-choice questions that list pos-
sible activities, as well as by questions concerning the appraisal
of the activity, for example ‘T enjoyed this activity.” Fifthly,
location was measured by indicating where the participant was
at the time of the notification signal, for example at home or in
a public place. Participants also indicated if they were alone or
had company, including who they were with (e.g., partner,
family, friends). All questionnaires were completed in Dutch.
Appendix A presents the layout of the PsyMate app questions.

Blended-care tied by tiredness intervention

Why the Tied by Tiredness intervention? Fatigue is
a multifactorial phenomenon in which the brain injury itself
obviously plays a causal role but has little predictive value in
the chronic phase. Cognitive, emotional, and behavioral fac-
tors play an increasingly central role in what can become
a vicious cycle for many patients. Tied by Tiredness aims to
reduce fatigue by, on the one hand, offering the patient (and
the therapist) detailed insight into the unique mix of factors
associated with the individual’s fatigue and, on the other hand,
providing the tools to actively and independently improve
functioning. Tied by Tiredness is a program that distinguishes
itself because it is specifically designed for personalized inter-
vention in the daily life of patients. The treatment advice can
take many forms such as improvement of physical condition,
daily planning of rest and activity, targeted activities, sleep
hygiene or targeting maladaptive thoughts about fatigue
through cognitive behavioral principles - the important
point here is that this is tailored to the individual through
personalized data collection and feedback. As such, this inter-
vention offers a toolbox to respond flexibly to the unique
situation of each patient based on current scientific insights
and recommendations on effective interventions. The inter-
vention protocol was based on the treatment protocol used in

an earlier RCT study and tailored to the specific context of
fatigue after brain injury (40).

Why blended care intervention? Blended care refers to the
combination of traditional face-to-face conversations with the
use of technology. This study involves an app that is installed
on patients’ smartphones. The app assesses patients’ com-
plaints in their daily lives for the duration of the intervention.
In this way, we gain a better insight into how patients are really
doing and can tailor treatment accordingly. In concrete terms,
patients will record in the app several times a day during
treatment how tired they are, how they feel, where they are,
what they are doing and with whom (ESM) after personal
feedback was given. In this way, both the healthcare profes-
sional and the patient gained detailed insight into fluctuations
in fatigue symptoms (e.g., when does it get better/worse?), but
also into the factors associated with this. By accurately map-
ping out for each patient which factors in daily life cause or
maintain fatigue, therapists can adapt their treatment in
a highly personalized way.

Who provides the therapy? The intervention can be per-
formed by healthcare professionals (occupational therapists,
psychologists, physiotherapists, etc.) who have knowledge and
experience (they work in a setting where people with brain
injury are treated) with brain injury patients with fatigue
complaints.

How, when and how much? The intervention lasts a total
of 6 weeks. Each of these 6 weeks has a recurring pattern
consisting of two components: (a) the patient gets started
with the m-ESM app; (b) and then discusses the collected
data with the healthcare professional in a face-to-face
conversation.

Face-to-face feedback sessions

In total, there were six feedback sessions that the therapist
scheduled with the participant. During these sessions, the
data entered in the participant’s app (data from the week
before) served as a starting point. The feedback sessions were
mainly intended to give the participants (and healthcare pro-
fessionals) more insight into fatigue complaints and the factors
that may be related to fatigue (Figure 1).

Each session lasted a maximum of 1 h, with direct contact
lasting 45 min. This gave the healthcare professionals the
first 15 min to view the data collected by the participant
online and recognize any patterns. Each session had
a specific topic and builds on the previous session(s). Based
on the insights obtained using the ESM app, the healthcare
professionals then provided personalized feedback and asked
the participant to look at possible adjustments in daily beha-
vior that could lead to fewer fatigue complaints. This inter-
vention was intended as an additional aid to treatment by
providing detailed and personalized insight into the com-
plaints. The intervention protocol also contains elements
from cognitive behavioral therapy (CBT), with the necessary
explanation, so that every healthcare professional can use it
where and when necessary. This approach was chosen
because research has shown that cognitive-behavioral prin-
ciples can have a positive influence on fatigue complaints
after brain injury.



Where? Sessions took place in the outpatient clinics of
participating rehabilitation center and departments of medical
psychology in participating hospital in The Netherlands.

Tailoring. The treatment protocol consisted of six treatment
modules (1 and 2): fatigue during the day and in relation to
mood (3); fatigue during the day in relation to physical exertion
and compared to previous weeks (4); fatigue during the day in
relation to mental effort and compared to previous weeks(5);
fatigue during the day in relation to activities and compared to
previous weeks(6); fatigue during the day in relation to social
contacts and location and compared to previous weeks. The
content of the treatment modules is described in Table 1.

Figuur 1

Measurements

Dutch Multifactor Fatigue Scale (DMFS). This questionnaire was
developed (42) to assess the unique characteristics of fatigue and
coping with fatigue in the chronic phase of ABIL. The DMFS
consists of five factors: Impact of fatigue, Mental fatigue, Signs
and Direct consequences of fatigue, Physical fatigue and Coping
with fatigue. The questionnaire consists of 38 items with
a 5-point Likert scale ranging from ‘I totally disagree’ to ‘I totally
agree.” Scores range from 11 to 54, with higher scores indicating
higher levels of fatigue. The subscales of the DMFS were found
to have sufficient to good reliability, good convergent validity,
and good divergent validity.

Usability questionnaire

A debriefing questionnaire about participants’ experiences of
the intervention and the PsyMate application was adminis-
tered to further assess the feasibility and usability of the
intervention. Questions about feasibility ranged from

L

Levels of fatigue

Week 2

Wealk 1
WeexK 1 week £

Week 3
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readability and operation of the app to opinions about the
number of notifications and length of the ESM questionnaire.
Questions about the intervention ranged from opinions
about how the intervention sessions and mails were experi-
enced and if the interventions helped understanding the
participant’s own fatigue. Several open-ended questions
were also included to obtain more in-depth opinions about
the app/interventions and to receive suggestions for improve-
ments. The questionnaire consisted of 13 closed-ended items
using a 7-point Likert scale ranging from 1 ‘not at all’ to 7
‘very much’ and four open-ended items. The usability evalua-
tion questions are present in Table 3.

Procedure

The recruitment of participants took place through health-
care professionals at both study locations in the period from
June 2019 to April 2020. Information about the study was
then sent to the individuals. After giving informed consent,
a researcher conducted a short telephone interview to estab-
lish whether inclusion criteria were met. Next, during a face-
to-face briefing meeting with the healthcare professional,
participants completed the DMFS questionnaire and received
detailed instructions about the ESM procedure. During this
briefing session, participants could also do a practice run of
the ESM questionnaire in the PsyMate app to ensure that
participants could navigate through the app and correctly
understood the questions. During the intervention period,
questions and/or problems could be reported. After the six-
week intervention, a debriefing session with the healthcare
professional was held to evaluate participants’ experiences
of the ESM procedure and to assess the feasibility of the
intervention. Also, at this stage, the DMFS questionnaire
was post-intervention completed. DMFS-scores pre- and
post-intervention are included in Table 2.

[
Iy W[T" LI LA LA

Week 4 Week 5 Week 6

Figure 1. Example of a feedback graph for level of fatigue over the intervention period (6 weeks, 3 days per week). Note. Each point represents a fatigue rating by the
participant within a day and lines that connect these dots represent separate measurement days. For example, the data in the circle represent Day 1 of the first week,
during which the participant provided four fatigue ratings. During treatment sessions, the therapist can zoom in on individual days or weeks and plot extra information
in the graph (e.g., concurrent mood) to get personalized insights into fatigue and its related factors.
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Table 1. Tied by tiredness intervention treatment modules.

Treatment modules

Content of the treatment modules

1. Fatigue during the day Goals:

® Getting to know the participant and healthcare professional.

® |ntroduction to treatment, explain the method, discuss the worksheet.

® Discuss information about fatigue after brain injury and limited exercise capacity.

® Gain personalized insight into the course of fatigue during the day and the measurement

period.
2. Fatigue during the day in relation to mood and compared Goals:
to the first week °

Gaining insight into the course of fatigue over the measurement period and in comparison,

with the previous period

® Gain insight into the course of fatigue in relation to mood. Is there a connection between
fatigue and certain feelings? Are there unhelpful thoughts that affect mood?

® Discuss appendices 4G schedule and module ‘Dealing with unhelpful thoughts’ (if patient
encounters such thoughts) — Optional

3. Fatigue during the day in relation to physical exertion and Goals:
compared to previous weeks (]

Gain insight into the course of fatigue over the measurement period and in comparison, to

previous periods

® Gaining insight into the course of fatigue in relation to physical exertion Identify and discuss
unhelpful thoughts about exercise — Optional.

® Discuss the importance of relaxation — Optional.

4. Fatigue during the day in relation to mental effort and Goals:
compared to previous weeks (]

Gain insight into the course of fatigue over the measurement period and in comparison, to

previous periods
® Gain insight into the course of fatigue in relation to mental effort
® |dentify and discuss unhelpful thoughts about exercise — Optional.

5. Fatigue during the day in relation to activities and Goals:
compared to previous weeks L]

Gain insight into the course of fatigue over the measurement period and in comparison, to

previous periods

Gain insight into the course of fatigue in relation to different activities
Identify and discuss unhelpful thoughts about engaging in certain activities — Optional

Gain insight into the course of fatigue over the measurement period and in comparison, to

previous periods

[ ]
°
6. Fatigue during the day in relation to social contacts and ® Goals:
location and compared to previous weeks. L4
[ ]
[ ]

Gain insight into the course of fatigue in relation to social contacts
Discuss dealing with the environment based on the appendix Dealing with the environment.

® Detecting and discussing unhelpful thoughts about dealing with others — Optional

Analysis

To assess the feasibility of this blended-care intervention,
response rates per participant per week and over the entire
treatment period were calculated as a measure of adherence to
the intervention. Further, a within-between subjects t-test
using SPSS version 25 was run to compare adherence during
the first week of treatment to the final week of treatment. We
also ran these within-subject t-tests for general, physical, and
mental fatigue. For fatigue however, these tests were explora-
tory in nature, as this pilot study was designed to assess
feasibility and not efficacy. Alpha level was set at .05.
Momentary levels of overall fatigue were measured at every
notification signal with one questionnaire item ranked on
a seven-point Likert scale. The evolution of fatigue (general,
mental, and physical) was captured by calculating weekly
averages of fatigue ratings per participant. Further, the results
of the evaluation questionnaire were used to describe partici-
pants’ experiences with the app and during treatment.

Results
Sample characteristics

In total, 11 participants were recruited to take part in the
study. However, one participant, immediately after admis-
sion, for the start of the intervention, terminated participa-
tion due to personal reasons. The final sample consisted of
10 participants, six men and four women, with an age
range of 36-70 years (M = 53.3, SD = 12.9). Seven

participants had suffered a stroke, one had a cerebral
abscess, one had meningitis and one had a brain tumor.
Descriptive statistics of the sample are shown in Table 2.

Table 2. Demographics of participants.

Completed Discontinued
intervention intervention

Variable (h=7) (n=3)
Age, mean (SD) 58.8 (9.9) 403 (5.4)
Sex, n

Male 5 2

Female 3 1
Occupation, n

Work/study (normal conditions) 0 0

Work/study (special conditions) 2 0

Sick leave 2 3

Unemployed 1 0

Retired 2 0
Living arrangement, n (%)

Cohabitation 1 1

Married 6 2

Highest educational level

Elementary 1 1

—12 years 4 1

>12 years 2 1
Type of injury

Traumatic brain injury 1

Stroke 4 2

Cerebral abscess 1

Meningitis 1

Tumor 1

Montbhs since injury, mean (SD)? 51.4 (28.3) 35.6 (8.1)

DMEFS pre-intervention 48.6 (3.6) 38 (6), 92)

a = if tumor, date of neurosurgery served as reference. DMFS = Dutch Multifactor
Fatigue Scale.



Reasons for subject withdrawal

Seven out of ten participants completed the six-week inter-
vention. Two participants (participants 3 and 9) reported
that they were experiencing technical problems with the
use of the app and only received the notifications sporadi-
cally of not at all. Due to this, participants 3 and 9 were not
able to complete all questionnaires and had to end the
intervention prematurely after 5 and 4 weeks, respectively.
Participant 7 stopped the intervention after three weeks due
to personal reasons.
These 3 participants were excluded from the analyses.

Feasibility/Response rate

Table 3 provides an overview of the number of PsyMate notifica-
tions that each participant responded to per week (out of a total of
24 weekly notifications). In total, 56.3% of signals (568 out of
1008 signals) were responded to. The average compliance rate
differed between participants: from the highest rate at 70.8%
(participant 8), to the lowest rate at 38.2% (participant 5).
Within participants, compliance rates varied from week-to-
week with; both increases and decreases over the course of the
intervention period. The highest response rate (overall) was
registered in week 4 (60.7%) and the lowest in week 2 (51.8%).
A paired samples t-test indicated that response rate was not
significantly lower at the end of the intervention (week 6)
relative to the beginning of the intervention (week 1), mean
difference = 0, SD difference = 5.5, t (6) = 0, p = 0.999.

Usability

Regarding the usability of the app (see Table 4), none of the
participants reported difficulties (except the technical one)
using or operating the app. This means that participants did
not experience problems with reading of filling in the questions.
The number of notifications and time spent filling out an ESM
questionnaire was evaluated as ‘not at all a burden’ by the
majority of participants. Participants experienced no problems
reading the questions in the app, although some reported
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difficulty in understanding one or more questions. Examples
given by participants were the questions ‘I feel cheerful’ or T feel
gloomy.” One participant suggested using more open questions
instead of closed questions alone, and another participant sug-
gested including a blank field that could be filled in manually for
the question ‘What are you doing?” Two participants reported
technical difficulties, which reportedly led to them receiving no
or fewer notifications per day, for example week 2 for partici-
pant 2 and for participant 5. In total that 4 out 10 participants
had experiencing technical issues. Two out of 10 participants
have experiencing serious technical problems, therefore they
could not complete the intervention, and they were excluded
from the analyses. In this case, the participants were receiving
no or fewer notifications (set of questions) and was neither
a motivation problem from the participants, nor an issue with
the intervention/protocol.

With respect to the intervention, most participants reported
an enhanced understanding of fatigue (see Table 5). No parti-
cipants reported problems with the duration of the interven-
tion. The participants experienced the intervention sessions
equally useful as the feedback provided by e-mail.

Fatigue level

Figure 2 and Table 6 shows the weekly averaged ratings of
general fatigue per participant. Five out of seven partici-
pants (80%) showed a decline in fatigue level from the first
to the last measurement week. Two participants showed
a slight increase in their fatigue ratings. Decline rates
range from —0.1 to 1.9 points in fatigue rating (M = 0.8,
SD = 1.6). Within participants, fatigue progression is not
linear; most participants display fluctuations in fatigue level
from week to week. With respect to physical and mental
fatigue, the decline rates ranged from -1 to 2 points in
physical fatigue rating (M = 0.4, SD = 1.9) and mental
fatigue ranged from —0.1 to 2 points (M = 1, SD = 1.6).
A paired samples t-test indicated that general fatigue, as
measured by ESM, was significantly lower at the end of
the intervention (M difference = 0.8, SD difference = 0.82),

Table 3. Weekly number of signals responded to (out of 24) and corresponding response rate in percentage per participant.

Week Pt. 1 Pt. 2 Pt. 3 Pt. 4 Pt.5 Pt. 6 Pt. 7 Total

1 1 (45.8%) 9 (79.2%) 13 (54.2%) 8 (75.0%) 6 (25.0%) 7 (70.8%) 4 (58.3%) 98/168 (58.3%)
2 5 (62.5%) 0 (0.0%) 17 (70.8%) 5 (62.5%) 7 (29.2%) 8 (75.0%) 5 (62.5%) 87/168 (51.8%)
3 0 (41.7%) 14 (58.3%) 13 (54.2%) 7 (70.8%) 7 (29.2%) 15 (62.5%) 8 (75.0%) 94/168 (56%)

4 2 (50.0%) 16 (66.7%) 11 (45.8%) 8 (75.0%) 13 (54.2%) 7 (70.8%) 5 (62.5%) 102/168 (60.7%)
5 1 (45.9%) 15 (62.5%) 9 (37.5%) 3 (54.2%) 6 (25.0%) 0 (83.3%) 5 (62.5%) 89/168 (52.9%)
6 12 (50.0%) 11 (45.8%) 10 (41.7%) 20 (83.3%) 16 (66.7%) 15 (62.5%) 14 (58.3%) 98/168 (58.3%)
Total 71/144 (49.3%) 75/144 (52.1%) 73/144 (50.7%) 101/144 (70.1%) 55/144 (38.2%) 102/144 (70.8%) 91/144 (63.2%) 568/1008 (56.3%)

Pt. = participant.

Table 4. Evaluation questionnaire about usability app, 7-point likert scale with 1 ‘not at all’ and 7 ‘very’.

QUESTIONS Pt.1 Pt.2 Pt.3 Pt.4 Pt.5 Pt.6 Pt.7 Avg.
Could you read the text of the app on the screen well? 7 7 7 7 6 7 7 6.8
Did you find it difficult to turn the app on? 1 1 1 1 6 1 1 1.7
Did you find it difficult to operate the app? 1 1 1 1 5 1 1 15
Was the usability of the app well explained? 7 7 7 6 5 7 7 6.6
Were the questions difficult or unclear? 4 1 1 6 6 1 * 3.1
Was the number of notifications a burden? 3 1 1 1 1 1 1 13
Was the duration of the questionnaire a burden? 2 1 1 1 1 1 1 1.1
Was the sound of the notification a burden? 2 1 1 1 2 1 1 13
Did technical difficulties cause problems with filling in the questions? 3 6 6 1 7 1 1 3.6
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Table 5. Evaluation questionnaire about the intervention, 7-point likert scale with 1 ‘not at all’ and 7 ‘very'.

QUESTIONS Part.1 Part.1Pt.1 Part.2Pt.2 Part.4Pt.3 Part.5Pt.4 Part.6Pt.5 Part.8Pt.6  Pt.7  Avg.
Was the duration of the intervention period too long? *1 *1 2 1 22 1 1 13
Did the intervention enhance understanding your fatigue? *7 *6 7 5 3 7 7 6
Did you experience the intervention SESSIONS as useful? 77 66 7 6 7 7 7 6.7
Did you experience the intervention E-MAILS as useful? 77 66 6 6 7 7 6 6.4
* not filled in; Pt. = participant; Avg. = average of momentary fatigue.
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Figure 2. Weekly average of momentary fatigue rating per participant and the mean of the three fatigue measurements.

t (6) = 2.477, p = 0.048. Physical fatigue was not significantly
lower at the end of the intervention (M difference = 0.4, SD
difference = 0.99), t (6) = 1.097, p = 0.315. Mental fatigue was
significantly lower at the end of the intervention (M difference
= 1.02, SD difference = 0.81), t (6) = 3.344, p = 0.016.

Mean scores on the Dutch Multifactor Fatigue Scale
were lower for three out of five factors from pre- vs.

post-intervention: impact of fatigue (—4.6 points), mental
fatigue (-2.5 points), and physical fatigue (-1.9 points).
Consequences of fatigue were stable and coping with
fatigue (+1 points) increased slightly. However, paired
samples t-tests of pre-intervention fatigue scores versus
post-intervention fatigue scores were not significant (all
p’s > .190).

Table 6. Weekly average of momentary fatigue rating per participant on a 7-point likert scale and the average of the three types of fatigue ratings.

Pt. 1 Pt. 2 Pt. 3 Pt. 4 Pt.5 Pt. 6 Pt. 7 Avg. Fatigue
Week G P M G P M G P M G P M G P M G P M G P M G P M
1 55 34 51 69 7 7 41 46 45 31 31 2 42 38 48 55 1.1 55 46 35 43 48 37 47
2 42 3 57 36 4 4 28 24 2 36 42 34 54 16 52 32 5 41 38 33 41
3 61 26 39 5 5 5 44 4 38 29 26 2 39 29 33 47 24 58 43 38 45 44 33 4
4 54 24 6 51 5 5 45 5 5 25 25 19 39 43 33 45 27 51 37 4 38 42 37 43
5 48 2 55 5 5 5 45 46 41 25 23 18 42 45 37 39 22 46 37 35 28 41 34 39
6 47 25 46 5 5 5 42 46 46 22 24 16 45 43 38 47 21 41 29 27 23 4 33 37

G = general fatigue; p = physical fatigue; M = mental fatigue; Pt. = participant; Avg. = average of all participants.



Discussion

The current pilot study examined the feasibility and usability
of a six-week blended-care intervention aimed at alleviating
fatigue after acquired brain injury. Results showed that the
intervention was feasible in terms of individual burden and
adherence to treatment. The overall compliance rate during
the intervention period - reflecting the number of notification
signals in the PsyMate app responded to - was 56.3%. This
number exceeds the minimum percentage of 33% that has
been posited to be the minimal required for the method to
have sufficient validity (43). As mentioned, there are some
studies that have investigated ESM assessment in ABI indivi-
duals and concluded that is a feasible method with compliance
rates ranging from 65% to 75% (32,34,35,37,38). However,
these studies were conducted only for assessment of symptoms
without an intervention or feedback component, and therefore
had a much shorter measurement period (e.g., 6 days). This
study investigated a six-week ESM-based intervention with
weekly personalized graphic feedback, for which we found an
overall response rate of 56.3% to be acceptable. However, it
should be noted that three out of ten participants were not able
to finish the treatment, which was caused by either personal
problems for one individual or technical issues with the appli-
cation reportedly not sending all programmed notification
signals for two individuals. Technical issues may be inherent
to newly emerging mHealth interventions and technological
innovations in the field of neuropsychology but should be
addressed appropriately moving forward. Technical problems
such as user error (an error made by the participant) or inter-
net connection difficulties, which interfered with the comple-
tion of assessments, were also signaled as barriers in
a systematic review on evidence on the use of ecological
momentary assessments after brain injury (33).

Besides the response rate, the results of the evaluation
questionnaire were also considered to obtain user feedback
about the intervention. Participants found the app easy to
use and experienced no problems with the duration of the
intervention or the number of questionnaires. Again however,
two participants mentioned technical problems interfering
with following and completing the treatment. Alternative
applications can be considered in future studies.

Previous research into mHealth interventions in ABI indi-
viduals showed that blended care interventions that combine
standardized protocols and reliable, bias-free, and detailed
monitoring are most appreciated by individuals (44). The
blended care intervention presented in this study also meets
several needs expressed by individuals with ABI. Moreover,
a recent review that investigated mHealth technology for long-
term assessment in ABI individuals revealed that a two-way
system is also prefered by ABI individuals (41). A two-way
system consists of reciprocal exchange (back-and-forth) of
information between individual and health professional.
Thus, although it certainly lies within the possibilities of tech-
nological innovation to replace the face-to-face feedback of our
intervention with automated feedback within the app environ-
ment, such modification would primarily meet cost-efficiency
concerns but could go against individual preference. Further, it
is (41) noted that a consistent theme that was mentioned by
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individuals with ABI is personalization, namely that individual
differences require personalized approaches and that the use of
mHealth technology should allow capturing the unique needs
and abilities of each person.

With respect to the current Tied by Tiredness inter-
vention, the majority of participants reported an enhanced
understanding of fatigue, which was achieved through
verbal and visual feedback. In a recent systematic review,
the authors (33) reported that procedures that make use
of momentary assessments such as ESM may pose
a burden on participants due to intense data collection
protocols. However, participants in the current study did
not experience the duration of the intervention as burden-
some. One possible explanation for these findings is that
the current intervention does not involve a high cognitive
load, with a limited set of recurring statements that are
easy to understand (e.g., ‘I feel tired’). Further, recently it
has been found (45) a negative association between the
length of the ESM questionnaires and rate of compliance.
Longer ESM questionnaires are associated with lower
compliance. However, these authors also found that high-
sampling frequencies (e.g., many notification signals
per day) do not seem to be associated with negative
consequences regarding compliance. Hence, compliance
of this and other future ESM intervention studies may
benefit from reducing the number of items in the ESM
questionnaire, while having the flexibility to adjust the
sampling frequency to the needs of the study or the
specific study population.

Further, although the intervention and the total number
of notifications were not experienced as burdensome by
participants, the total response rate across the sample was
56%. On the one hand, this may be due to our explicit
instruction to participants that notifications could be
missed due to circumstances (e.g., in traffic, going to bed
early, etc.). This was done to ensure that participants went
about their daily lives without adjusting their behavior to
the study protocol. On the other hand, it remains possible
that some participants ‘self-managed’ the burden experi-
enced because of the study by occasionally not responding
to notifications.

The third aim of the study was to explore the evolution of
individual fatigue ratings over the six-week intervention per-
iod. Overall, the majority of participants showed a lower
weekly average of fatigue after 6 weeks than at the beginning
of the intervention. A statistically significant decrease was
found for general (i.e., T feel tired’) and mental fatigue (i.e., ‘I
feel mentally tired’). However, scores on the DMFS question-
naire were not significantly lower after the intervention rela-
tive to baseline scores. Because evaluating feasibility was the
primary goal of this study, our sample size was small.
Controlled studies with larger sample sizes are needed to
evaluate effectiveness. Finally, this study also shows that fati-
gue often varies from moment to moment and that partici-
pants can distinguish between mental and physical fatigue.
These findings are important because they demonstrate that
during the diagnostic process and especially treatment, specific
forms of fatigue can be zoomed in on.
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Limitations and future research

A first limitation of this study concerns the specific app
(PsyMate) that was used. Some participants reported not receiv-
ing (all of the) notification signals throughout the ESM data
collection period. The problems with the PsyMate app are both
due to a programming bug within the app and due to settings of
individual smartphones (e.g., some types of smartphones may
automatically mute signals from apps if they come in high
frequency, as is the case in this study). These technical problems
do represent an extra hurdle in implementing mHealth inter-
ventions in daily life. Therefore, in a further study, other ESM
app’s may be taken into consideration to be used. Further, this is
a pilot study, with a very low sample size, that aimed to deter-
mine feasibility and usability of the treatment, and therefore
there was no control group. In order to draw conclusions about
the effectiveness of this intervention, a controlled trial is needed
in which this intervention can be compared with treatment as
usual. Further, in order to learn whether this intervention may
be effective in reducing fatigue complaints after brain injury,
a bigger sample is needed, and the technological issues need to
be resolved. Finally, our sample consisted of ABI individuals
who already completed a rehabilitation program. It is possible
that ABI individuals who are recruited earlier in their rehabilita-
tion experience more benefits of this blended-care intervention.

Conclusion

In summary, this pilot study provides initial support for the
feasibility and usability of this Ecological Momentary
Intervention with personalized feedback in an ABI population.
ESM provides a promising method to bridge the gap between
treatment settings and the daily lives of individuals, and it can
facilitate the process of personalized diagnosis and treatment
(29). Together with weekly feedback from therapists, this
intervention embraces technological innovation while also
accommodating preferences expressed by individuals of hav-
ing real, reciprocal interactions with their treating therapist.
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Appendix A
1. | feel cheerful.
2. | feel relaxed.
3. | feel satisfied.
4. | feel anxious.
5. | feel sad.
6. | feel confident.
7. | feelirritable.
8. | feel helpless.
9. lworry.
10. What am | doing?
11. | can do this well.
12.  This takes effort from me.
13. | would rather do something else.
14.  Where am I?
15.  With whom am I?
16. | would rather be alone.
17. 1 find this company enjoyable.
18. In this company, | feel comfortable.
19. | would rather be in the company of others.
20. | enjoy being alone.
21. | feel comfortable.
22. | feel tired.
23. | feel physically tired.
24. | feel mentally tired.
25. lamin pain.
26. Since the last beep, | have done some physical work
27. Since the last beep, | have done some mental work.
28. This beep disturbed me.

Likert scale 1-7
Likert scale 1-7
Likert scale 1-7
Likert scale 1-7
Likert scale 1-7
Likert scale 1-7
Likert scale 1-7
Likert scale 1-7
Likert scale 1-7

nothing, rest, work, housework, errands, something else

Likert scale 1-7
Likert scale 1-7
Likert scale 1-7

At home, with family/friends, at work, health care, public place, on the road, somewhere else
partner, live-in, family living out, friends, colleagues, caregiver, acquaintances, strangers/others, no one

Likert scale 1-7
Likert scale 1-7
Likert scale 1-7
Likert scale 1-7
Likert scale 1-7
Likert scale 1-7
Likert scale 1-7
Likert scale 1-7
Likert scale 1-7
Likert scale 1-7
Likert scale 1-7
Likert scale 1-7
Likert scale 1-7
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