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INTRODUCTION

Patients with pulmonary arterial hypertension (PAH)
often have a decreased daily physical activity (DPA),"
resulting in a lower physical quality of life (QoL) and
overall well-being.* Several studies have shown smart-
watches as useful tool to assess DPA.>>”7 However, the
evaluation on the prolonged technical use of these
devices and patients’ subjective perception of DPA
remains largely unexplored.

The UPHILL study (A nutrition and lifestyle inter-
vention to improve quality of life for patients with
pulmonary arterial hypertension) focused on nutritional
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This article examines technical use of Fitbit during an intervention for
pulmonary hypertension (PAH)-patients. Technical issues with the device led
to data being unavailable(37.5%). During intervention objective daily physical
activity (DPA) decreased and subjective DPA increased. This emphasizes that
an assessment of DPA in PAH requires incorporating both objective and
subjective measurements.

daily physical activity, pulmonary hypertension, smartwatch, technical use

adaptations and its effect on QoL® during a 1-year period.
The most effective part of this study was the e-learning
component, which expressed nutritional adaptations and
an improvement in QoL, even though QoL was already
high at baseline. In this study patients from the
intervention group were asked to voluntary wear a Fitbit
Charge3 to assess objective DPA with daily step counts.
Additionally, they were asked to complete questionnaires
to assess subjective DPA (Short Form Healthy Survey 36
(SF-36) and Short QUestionnaire to ASsess Health-
enhancing physical activity (SQUASH)).

In this article, we delineate the extended use of a
Fitbit within e-learning intervention, alongside an
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evaluation of the congruence between objective and
subjective assessments of DPA.

METHODS

Data was used from the UPHILL study, from baseline
upon e-learning intervention. In this study, patients were
included with the following inclusion criteria: idiopathic,
hereditary or drug-related PAH, age <80 and >18 years,
NYHA II or III, and stable for at least 3 months,
determined by a stable 6-min walk test (6MWT) with a
difference of <10%, an estimated glomerular filtration
rate (eGFR) of >60 mL/min and willing and able to sign
the informed consent form. All participants provided
written informed consent before any study-related
procedures. The UPHILL study was approved by the
medical ethics committee with approval number
2018.538 and complies with the Declaration of Helsinki.
From the 17 patients in the intervention group that
started and completed the study, 16 signed the informed
consent to wear the Fitbit Charge3.

To assess objective DPA, the daily step count collected
with Fitbit Charge3 was utilized. Patients were instructed to
wear the device as much as possible, only removing it for
battery recharge or during showering.

DPA data was collected from Fitabase, the management
platform from Fitbit, encompassing collected data. Before
analysis, data was subjected to a strict selection process. To
calculate the mean steps per day, three consecutive weeks
were chosen. Each week had to include a minimum of four
full days of data.”"'' A day was considered full when the
device was worn for more than 20 h a day, as indicated by
the heart rate display recorded every 15 min. The mean steps
per hour were then calculated and averaged to obtain the
mean steps per day for each individual. Finally, the overall
mean daily steps were computed from all the selected data
points.

To assess subjective DPA, two questionnaires were
applied. The SQUASH questionnaire was used to
evaluate DPA, following the Dutch physical activity
guidelines. This questionnaire requires patients to self-
report their daily activities in minutes, including activi-
ties such as walking, cycling, exercise, gardening, and
household chores.'? Before the analysis, data was
processed to calculate the mean self-reported active
minutes per day. To evaluate the mean physical QoL, the
SF-36 questionnaire was utilized. The SF-36 is a set of
generic, coherent, and easily administered QoL mea-
sures."” Both questionnaires are available in Supporting
Information S1 and S1: Data.

Data are presented as mean + (standard deviation or
SD) for normally distributed data or as median

(interquartile range or IQR) for non-normally distributed
data. For non-normally distributed data, logarithmic
transformation was performed before the analysis.
Relationships between two continuous variables were
assessed with a T-test. p-interaction is determined using
two-way analysis of variance with post hoc comparison.
A p-value of <0.05 was considered statistically signifi-
cant. Statistical analyses and graphical illustrations were
generated in R studio (version 3.5.2).

RESULTS

Sixteen patients were initially enrolled in the Fitbit and
DPA component of the UPHILL study. However, for two
patients data transfer to Fitabase was insufficient due to
issues with their mobile phones. One patient provided
unreliable data by use of a mobility scooter. Furthermore,
three patients experienced incomplete data due to
technical anomalies in the Fitbit device itself. Conse-
quently, a complete set of data was available from 10
patients. The general characteristic of these patients were:
mean age 40 (£9) years, the NYHA class was II, with an
average mean arterial pressure of 49 (+9) and a median
NTproBNP of 147 [84; 419]. The study group consisted
mostly of females (eight females and two males).

As depicted in Figure 1, during the intervention
period, 38% of the Fitbits experienced technical issues.
Additionally, there was an inverse relationship observed
between objective daily physical activity (DPA) measured
in steps and subjective DPA reported as active minutes
per day. The overall mean daily step count suggests a
trend indicating a decrease in objective DPA. Conversely,
the mean data from the SF36 and SQUASH question-
naires indicate a trend suggesting an increase in
subjective DPA, with respective increments of 11%
and 9%.

DISCUSSION

The technical challenges observed in the Fitbit Charge3
during intervention raised concerns about reliability, as
evidenced by inadequate or missing data in 37.5% of the
participants.

The adherence towards wearing the Fitbit device was
very high. Even the patients providing incomplete data
worn the Fitbit for the entire 1-year period, as stated in
the signed informed consent. However, it is essential to
acknowledge certain limitations associated with the use
of a Fitbit Charge3 for measuring objective DPA.

The study encountered challenges with some
Fitbit Charge3 devices for data collection. Anomalies
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FIGURE 1 (a) presents the technical use of the Fitbit Charge3 during a period of 3 months, with a 37.5% of technical issues. In 12.5%
data transfer to Fitabase was insufficient due to issues with mobile phones. There was unreliable data due to an artificially inflated step
count in 6.25%. Furthermore, 18.75% had incomplete data due to technical anomalies in the Fitbit device itself. (b) Shows a negative relation
between objective DPA in daily steps and subjective DPA, in self-reported activity in minutes per day. When objective DPA increased,
self-reported DPA decreased and conversely. The purple dots represent a decrease in physical QoL. In (c), the total mean daily step count is
displayed, indicating a signal of decrease of 7% (587 daily steps) in the objective DPA during intervention. The mean data of the SQUASH is
revealing a signal of increase with 9% (11 min of self-reported activity per day) of subjective DPA during intervention. The SF-36 shows the
mean of this data, indicating a signal of increase with 11% (9 points in physical QoL score) of subjective DPA during intervention. (d) Shows
the individual mean daily step count, representing the objective DPA. The individual subjective DPA is presented measured with the
SQUASH questionnaire in self-reported active minutes per day and the individual subjective DPA is measured as physical QoL with the
SF-36 questionnaire. DPA, daily physical activity; QoL, quality of life; SF-36, Short Form Healthy Survey 36; SQUASH, Short QUestionnaire
to ASsess Health-enhancing physical activity.

in the devices and connectivity issues with mobile
phones led to missing or incomplete data in some
cases. Additionally, eight devices required wristband
replacements due to damage during the intervention
period. Moreover, some patients occasionally forgot to
wear the device after activities such as showering or
recharging battery, leading to data gaps. Furthermore,
a notable bias as observed in the movement registra-
tion for daily steps, particularly affecting the partici-
pant which used a mobility scooter. This bias resulted

in an artificially inflated daily step count, with a mean
objective DPA of>10.000 steps per day, in this
specific patient and was therefore excluded from this
study.

To address these limitations and improve data
collection future research need to consider adopting
new and more sensitive devices. Specifically, devices
such as the Oura-ring or the AxivityAX3. Both accel-
erometers are deemed user friendly and provide promis-
ing data for research purposes.'*'® Implementing such
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advanced technologies may mitigate the issues encoun-
tered in this study and provide more accurate and
comprehensive data for analysis.

During intervention period objective DPA showed a
signal of 7% decrease in daily steps. In contrast, both
questionnaires on subjective DPA and QoL showed a signal
of increase with 9% and 11%, respectively. When daily steps
increased, self-reported DPA decreased and conversely.
Despite the insufficient statistical power in this study, these
findings proffer intriguing facets warranting contemplation
in future and more expansive studies.

The signal of decrease of daily steps during interven-
tion, suggest a lower DPA. However, it is important to
note that the subjective assessment of DPA, as reflected
in self-reported active minutes per day and physical QoL,
showed a signal of increase. These results suggest that
the objective DPA, by itself, did not appear as a major
component in patients’ QoL and overall well-being.

Instead, it appears that certain daily activities,
such as gardening, house chores, and regular exercise,
as reported in the SQUASH-questionnaire, are more
related to QoL outcomes. This implies that the
patients’ perception and self-reporting of their DPA
and engagement in various activities may have a
stronger influence on their QoL compared to the
objective DPA alone. Additionally, prolonged utiliza-
tion of a smartwatch may be subject to the influence
of weather conditions on the resulting outcomes of
objective DPA.'” Combining objective and subjective
assessments can provide a more comprehensive and
nuanced understanding of the factors influencing
patients’ overall well-being and QoL.

This group of patients had already a high physical
QoL at baseline, with a mean physical QoL score of 66,
compared to a mean score of 37 in the overall
population.’® Additionally, this group demonstrated a
high level of objective DPA, demonstrated by its daily
step count. Despite a 7% reduction in the objective
DPA after intervention, the mean daily step count in
this cohort remained above mean of the average
population.®*°

In conclusion, in the context of prolonged monitor-
ing, the Fitbit Charge3 exhibits shortcomings. Therefore,
in future interventions other devices should be consid-
ered. It is imperative to emphasize that a comprehensive
assessment of DPA in PAH requires the consideration of
both objective and subjective measurements. Integrating
these two types of measurements provides a holistic
understanding of the impact of DPA on patients’ well-
being. The simultaneous presentation of objective and
subjective DPA data is crucial to gain a comprehensive
insight into this matter.
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