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Abstract

Background: To maintain the benefits of abariatric procedure, patients have to change their lifestyle permanently. This happens
within a context of coresponsibilities of health care professionals and their social support system. However, most interventions
are focused on the patient as an individual. In this explorative pilot study, behavioral, contextual, and experiential data were
gathered to obtain insight on coresponsibility.

Objective: The aim of this study is to explore the use of trackers by patients who have undergone bariatric surgery in a
data-enabled design approach.

Methods: Behavioral and contextual data on the households of patients who have undergone bariatric surgery were explored
using a smartphone with an interactive user interface (Ul), weight scale, activity bracelet, smart socket, accel erometer motion
sensor, and event button to find examples of opportunities for future interventions.

Results. A total of 6 households were monitored. Approximately 483,000 data points were collected, and the participants
engaged in 1483 conversations with the system. Examples were found using different combinations of datatypes, which provided
the obesity team a better understanding of patient behaviors and their support system, such as areferral to afamily coach instead
of adietician. Another finding regarding the partners was, for example, that the conversational Ul system facilitated discussion
about the support structure by asking for awareness.

Conclusions: An intelligent system using a combination of quantitative data gathered by data tracking products in the home
environment and qualitative data gathered by app-enhanced short conversations, as well as face-to-face interviews, is useful for
an improved understanding of coresponsibilitiesin the households of patients who have undergone bariatric surgery. The examples
found in this explorative study so far encourage research in thisfield.
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Introduction people are overweight worldwide [1]. Bariatric or weight loss

surgery has been used to treat patients with morbid obesity for

Overweight and obesity are steadily growing into one of the decades with a proven long-term effect [2]. Worldwide, more
largest threats to human health in this century, asamost 2in 5 than 800,000 procedures are performed annually [3]. Key
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aspects of a successful treatment include multidisciplinary
preoperative screening and postoperative guidance [4-6]. Even
though most aftercare programs are focused on the importance
of along follow-up by a dedicated obesity team, and there is
increasing knowledge on primary care for long life guidance
thereafter, the time and resources used could not be enough for
individual patients [7]. Obesity teams gather as much
information as possible from the interviews, anamnesis, and
group sessions. However, this is time-consuming, subjective,
and probably incomplete. Besides lab results for medical
follow-ups, other frequently used aids are questionnaires, diet
diaries, and exercise tests. As obesity is undoubtedly
multifactorial in origin, more sources of data can be useful, for
instance, the frequency and duration of exercises and meals.
Such information can be useful for the patient and for the obesity
team as both have their part in the responsibility to maintain
the benefits of a bariatric procedure. Frequently, behavior is
influenced by those living with the patient. In most cases this
will be a partner, but it could also be parents, children,

Figure 1. Coresponsibility system.

Methods

Ethics Approval

This pilot study was part of a clinical trial entitled “Together
in Shape.” Its setup as a therapeutic intervention study was
approved by the Philips Internal Committee of Biomedical
Experiments, the medical ethical review board of Medical
Research Ethics Committees United (MEC-U) and Central
Committee on Research Involving Human Subjects
(NL63252/100.17), and the local feasibility committee
(CZE-2018.06).
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housemates, close friends, or even colleagues. This could pose
achallenge to successfully change behavior postoperatively, as
preoperative behavior is often intertwined with a person’s social
life. As this behavior is crucial for a successful bariatric
intervention, the social support system has a share in this
responsibility aswell. Connecting these responsibilities within
limited time and with limited information is demanding. An
answer to this demand could be tracking data from households,
using several devices with information originating from the
patients, as well as others in the direct social support system.
A visualization of these coresponsibilitiesis suggested in Figure
1[8,9]. Creating an interactive system with more datafor these
parties could enhance this coresponsibility and, therefore,
improve weight loss and quality of lifefor along period. Inthis
explorative study, such an interactive system was created. The
aim of thisstudy wasto assessthe value of an interactive system
with tracking data from a household as a social support system
for the patients who had undergone bariatric surgery.

Setting and Selection Criteria

The setting was the obesity center of Catharina Hospital where
up to 1000 patients are treated annually. Normally, a patient
has 27 contacts individualy or in group with the
multidisciplinary team during 5 years of follow-up. Additional
visits or telephone-based consultations are provided whenever
necessary or reguested. Only by exception is the guidance
program transferred to primary care[10]. Information about the
study was provided through the center's eHealth portal.
Selection criteriawere patientsin their postoperative trajectory
after bariatric surgery, who had at least 1 person living nearby,
could speak the Dutch language, were above the age of 18 years,
willing to participate and to have house visits by the research
team, and who signed an informed consent form. Eligible
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patients were informed by the research team, and in-depth
information about the study was provided. A series of
consecutive patients who had undergone bariatric surgery were
informed about the study until 6 householdswereincluded. The
number of inclusions was limited due to the explorative design
of the study. Each household was followed for approximately
5 to 6 weeks.

Study Design

A data-enabled design approach was used, which means that
the collected contextual data were used during the process to
continuously enhance, update, and shape the design [11]. Such
a study usually consists of 2 phases: the contextual phase, to
get a good conception of the setting; and the informed phase,
when design interventions are tested out in the participants
own context—in this study, their home. In the contextual phase,
the focus was on collecting and determining which data was
interesting and how to display this comprehensibly. This was
mainly done by conversationswith the participants, theresearch
team, and health care professional's. No interventions were done
in this phase. This was introduced in the informed phase, such
as coaching and giving tips.

Semistructured interviews were used to gain insight on the
lifestyle, daily routine, home environment, and social system
of the patients. The interviews were planned beforehand and
took about 2 hours; they were based on a predefined
guestionnaire that was compiled before the start of the study
and was approved by the MEC-U. The interviews were
important asthey were used to correlate data pointsto behavior
and put them into a contextual setting. During theseinterviews,
severa themes were discussed and clarified such asthe general
condition of the subjects, daily routine, mental health,
commitment, satisfaction, possible changes to the previously
mentioned elements due to the trackers, utilization of trackers,
technical problemswith thetrackers, and unexpected outcomes.
The interviews alowed for time to have practical discussions
about the interactive system, the app, and to gain insights on
the lifestyle, routines, and social system of the patients. This
could further inform the research team of the trackersthat could
be used. Potential changesin the datatracking and system setups
were part of this process. A trandated transcription of the
semistructured interviewsis provided in Multimedia A ppendix
1. The interviews were transcribed and coded for analysis.
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Furthermore, nonstructured interval interviews were held on
demand during the follow-up period to gain contextual insights
into the gathered data points.

For this study, the 3 pillars of the coresponsibility system (Figure
1) that were analyzed were the obesity team (as health care
professionals), the patient, and their partner (asthe socia support
system). It was recognized by the research team that a partner
isonly apart of asocial support system. It can also include and
isnot limited to other individual s such as housemates, children,
parents, aclose friend, colleagues, etc. In this study, the role of
the partner in the social support system was the subject of the
investigation to simplify the methods and results. Aninteractive
system was created that gathered data from different sources
such as medical records, situated contextual data (eg, physical
activity, mental health, and nutrition), and self-reported data
(eg, which family member is cooking), and consisted of different
communication platforms for each of the stakeholders to
facilitate the presentation and sharing of personalized coaching
content for the patients who had undergone bariatric surgery
and their partners. The specific collected data types and the
specific content of the communication functionalities were not
preset and were subject to change during the study period.
Therefore, there remained a possibility to experiment with
different datatypes and featuresto explore multiple designsfor
benefitting coresponsibility based on care questions and
priorities.

Theintelligent system consisted of 4 elements: datatrackers, a
mobile phone app, an obesity team dashboard, and a research
dashboard. Three types of data trackers were used (Figure 2),
which are asfollows: personal data, contextual data, and open
data. Personal data (physical activity bracelet and weight scale)
was used for measuring number of steps, heart rate, and weight.
These devices were used to give patients more insights on their
weight loss progress and physical activity; the activity bracel et
could interact with the mobile phone app and the dashboards.
Contextual data (smart sockets and accelerometer) was used
for measuring the use of devices (eg, television, household
equipment) and movement (eg, opening cabinets or picking up
sports equipment); these were used to track activities in home
environment. Open data (smart buttons and rotary knobs) was
used for measuring events (eg, cooking) and experiences (eg,
how bored | am).

Figure 2. Three examples of trackers used to collect contextual and behavioral data: activity bracelet (left), event button (middle), and smart socket

(right).
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Patientsand their partnerswere ableto use aphonewith astudy
app conversational user interface (Ul) to participate in preset
conversations based on datatriggers (eg, when the accel erometer
registered motion in the kitchen cabinet) with preset times, or
when they were initiated by the research team. An example is

Figure 3. Screenshot of the mobile app.
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shown in Figure 3. Patient and partner each had their own phone
and app and received individual conversations. They were
instructed about the trackers and the apps and how to use them
properly. Thetrackerswere placed on places and objectsin their
house after agreement with the subjects.

in vorm

you divide the tasks?

Who did what?

I prepared the dinner, the children cleaned up

A large number of data points were expected to be collected.
The activity bracelet gathered daily physical activity summary
and sleep data. The weight scale generated data points upon
weight measurement. The motion sensor produced data points
when amovement was registered. App analyticswere recorded
when patients sent or received messages or when the app was
opened, interacted on, and closed. The smart buttons and the
rotary knobs recorded data points when patientsinteracted with
the buttons and based on the value they entered. To process
these data points, a few steps were taken. The data were
preprocessed by filtering out test data, removing outlines, and
removing data pointsthat were sent over by the deviceswhether
or not they wereworking (eg, battery status). Next, script-based
data analysis was performed based on clinical guidelines (eg,

https://formative.jmir.org/2022/5/€27389
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number of recommended steps, daily recommended meals).
Lastly, dashboards were designed to visually interpret the data.
An obesity team dashboard was produced to get insights on the
data, and moreimportantly, to discuss within the research team
which data were valuable. An example of the dashboard is
shown in Figure 4. This visualization shows time points when
a subject registered a meal. Because the types of data were
adaptable and decided in negotiation with the participants, the
available data were different per household. Likewise, a
dashboard was built for research purposes and used by the
researchers to setup, modify, and analyze the study as well as
trigger the personalized coaching content in the chatbot
communication system.
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Figure 4. Example of dataon meals.
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Results

In total, 12 participants were included in the study: 6 patients
and their partners (Table 1).

The data trackers and app analytics generated around 483,000
data points, and the participants engaged in 1483 interactions
with the system. The mean number of daily app interactions
ranged from 7.2 to 16.9. This information was transferred into
a data visudlization timeline, where the interventions (eg,
providing suggestions for an exercise or a recipe) were aso
taken into account. The data points are the sum of the collected

Table 1. Study population characteristics.

e e wE e e SE @ a1 P o mmE

personal, contextual, and open data points described in the
previous section. The most contextual data pointswereretrieved
from the connected power sockets that were attached to the
participants’ televisions and kitchen appliances. However, the
large amount of data points was mainly due to power usages
and not turn on or turn off events. The second most retrieved
contextual data points were from the motion sensors. The
participantsthemsel vesreported 641 events using the open data
trackers (eg, smart buttonsindicating an event or rotary buttons
for emotion assessment). Lastly, the persona data points
included the daily summaries of the activity tracker’s sleep and
activity data.

Household® Study phase Postoperative time Number of daily appinteractions, mean (SD)
1 Annaand Alex Contextua 10 months 16.9 (37.7)

2 Bellaand Brian Contextua 12 months 7.2(6.7)

3 Chloe and Chris Informed Direct (first operative week) 10.6 (14.5)

4 Dianaand David Informed 4 months 11.1(7.7)

5 Emily and Eric Informed 5 months 9.8(7.6)

6 Fionaand Felix Informed 12 months 10.1 (4.4)

3Fictive names were used.

Findings that focused on coresponsibility between the patient
and the obesity team were analyzed, and opportunities for
interventions were consequently identified. Examples of these
findings, which led to insights or changes in the intelligent
system, will be explored below.

https://formative.jmir.org/2022/5/€27389
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One example describes an interesting finding about household
dynamicsaround food choices. In this household, the deep fryer
was used more often than originaly indicated in the meeting
with the patient and the partner before the system was placed
in their home. The household indicated that they eat fries once
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aweek. However, the smart socket showed usage of the deep
fryer 6 out of 7 days. After thiswas brought up to the household,
it became clear that this was due to a disagreement on what to
eat between the patient, the partner, and their children. Instead,
they chose to eat fries to accommodate everyone's eating
desires.

The system permitted assessment of the effectiveness of an
intervention, illustrated by an example on physica activity
where feedback in the app led to changes in the intervention.
In the same household of example 1, the frequency and duration
of exercise was adequate, although weight loss was il
unsatisfactory. In an effort to explain this, the physiotherapist
had to look for other reasons for this insufficient weight loss.
The patient noticed that by using the app after scoring the
intensity of exercisesfor aweek, she might need to increasethe
intensity rather than the duration or frequency to improve weight
loss.

In another household, an example of coresponsibility between
the obesity team and the patient was found. The participant’s
health record indicated |ow self-esteem. Her study data showed
that she had a very good workout regime. She was advised to
complement her workoutswith the conversation app, which she
found very difficult to do. Her realization supported the
willingness for additional psychological help.

Two other examples were on the coresponsibilities between the
patient and their partner. Involving the partner more in the care
trajectory could be beneficial but difficult to organize. Therefore,
the conversational Ul system facilitated the discussion about
the support structure by asking for awareness of the amount and
type of support that the patients received from their partners.
In one case, the partner was impressed that the patient was
capable of reaching results on her own, whereas the patient still
wanted to have support. Receiving questions on the app about
the partner’s support triggered a discussion between the patient
and their partner about this subject. In another case, the patient
realized that she had asked for support and received it but had
found it difficult to appreciateit. In the face-to-face conference
afterwards, the couple pointed out that the system had made
them both feel asif they were part of the same lifestyle rather
than having two separate lifestyles.

Upon asking, al the partners commented that they wanted to
support the patients; however, they also felt that altering their
own behavior was not part of that. One example of how the
intelligent system could influence the behavior and
coresponsibility of the partner was found in household 6. The
partner received a coaching message on the app to surprise the
patient with a healthy alternative. He agreed, got positive
feedback, and asked for more recipes later on.

Discussion

Principal Results

The behaviors and experiences of patientswho have undergone
bariatric surgery in relation to their lifestyle change take place
within a social context and interaction with others. Such a
context is quite complex to investigate and, therefore, influence.
On the other hand, it is important for a patient’s long-term

https://formative.jmir.org/2022/5/€27389
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outcome aswell asfor their househol ds. One possible approach
toward this is to get insights into behaviors in the home
environment using a data tracking system. Data tracking and
interviews might provide an understanding of coresponsibilities
in these households. By using this approach, this explorative
study reveal ed some examples of intermingling responsibilities
of the household members (sometimes the children but mostly
the partners), members of the obesity team, and the patients. A
limitation of this study was that the results were case-specific
and, therefore, not reproducible. They merely underlined the
substantial variety in social dynamics in these households. A
combination of different household members, each having
different values and interests, was linked to a healthier way of
living. In order to help the patients' household members, by
design, to be supportive toward a healthy lifestyle change, they
need to be approached in a way that fits these values and
interests and the roles they take or could possibly take.

These datawere regarded as auseful addition to theinformation
normally gathered in short consultations and through some body
measurements. For instance, the trackers showed that the
intensity of the exercise, rather than frequency and duration,
increased effectiveness. Another example showed that patients
might, intentionally or unintentionally, underreport unhealthy
intake, and an intelligent tracker system could revea this.
Having access to this information during a postoperative
checkup might lead to choosing other intervention options. For
instance, instead of areferral to a dietician, a family therapist
might yield better results in some cases.

The relationship between the physicians and patients

coresponsibilities is in some cases unilateral: a physician is
restricted to advise on treatments and lifestyle changes based
on what a patient communicates in a consultation and with a
few measurements (eg, BMI, comorbidity status). It isup to the
patient what to do with thisadvice. By using an intelligent data
tracking solution, physicians could be ableto control or evaluate
atherapy. A recent study also showed that high compliance can
be achieved by the use of supervised home monitoring [12].

The examples found in this study show opportunities for
designing new intelligent systems. However, privacy concerns
might limit the effectiveness of this approach. Therefore, for
future research, we emphasi ze the importance of giving control
of data sharing to the users themselves. Findings suggest that
the effect of the partner is substantial. This would be an
interesting field for future work, as the role of the partner in
adjusting lifestyle remains unclear. Further research is aso
needed to discover to what extent therole of others (eg, children,
friends, colleagues) is important in maintaining a healthy
lifestyle postoperatively.

Another concern might be compliance. Prior studies have
presented conflicting results in terms of compliance and reach
of telehealth solutionsto the use of telemonitoring intervention,
ranging from 50% up to 94%. These studies, however, mostly
consist of small pilot-design studies [13-16]. As home
monitoring is a relatively new modality in health care, most
research is explorative, and randomized controlled trials and
systematic reviews are scarce. An early systematic review of
the literature, however, added value to the bariatric pathway,
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even though it istoo early to draw final conclusions[17]. The
willingness to participate in our study was high; this can be
attributed to the small-scale design and, conseguently, the close
follow-up of the research team. Health technologies have the
potential to provide additional support to a patient’s social
system. However, many questions are yet to be answered.
Resultsfrom this study indicate opportunitiesfor future research.
As described before, compliance might be an important factor
in whether telehealth solutionsin home environments or social
systems will be effective. Future larger studies must explore
whether patients are a so willing to use telemonitoring with less
involvement from aresearch team. Furthermore, itisstill unclear
which type of telehealth intervention patients prefer to use. In
this study, physical, dietary, and psychosocial support was
delivered all together. It isnot clear which of these support types
is most effectively facilitated by telehealth technologies. Not
only the type but a so the means of delivery of the intervention
might be important. This varies based on the individuals. For
instance, some might prefer a more direct approach (eg,
automated push notifications for recipes around dinnertime),
while others benefit more from an “on-demand” approach (eg,
actively asking the chatbot for recipes). Future studies are
recommended to determine the optimal type of support and
means of delivery, or an optimal combination of both.
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Limitations

One of the drawbacks of this explorative approach was the
number of participants, aswell asthe nonreproducibility of the
results, as they were case-specific. Furthermore, an intelligent
system was built with the full approval of the participants in
this study, which could belimited by privacy concernsif applied
on the general postbariatric population. Another limitation could
be that the data found by trackers can be used by household
members to check on each other instead of giving support. The
substantial amount of data collected limited the analysis
strategies. It remains challenging to process these data into a
dashboard for each member of the coresponsibilities aswell as
distracting the focus of the obesity team.

Conclusions

The results of this pilot study indicate that using data trackers
inthe home environment of patients could help the obesity team
membersto be better informed in their medical decision-making
and, thus, lead to personalized support. On the other hand, there
remains much room for wrong interpretations of the data
Nevertheless, this study made the first steps in an explorative
way, leading to a modest conclusion.
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