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ABSTRACT

We describe our ongoing work on the design and implementa-
tion of a system to continuously monitor different physiological
parameters in patients with multiple sclerosis (MS). We focus specif-
ically on monitoring functions of the autonomous nervous system
and activities of daily life using wearable and mobile sensors and
to correlate these with important symptoms of MS, in particular,
fatigue. Fatigue is a highly prevalent and debilitating symptom
in MS patients. However, the underlying cause and pathogenetic
mechanisms are poorly understood and consequently therapeutic
interventions limited. As the first step in our research effort, we
evaluate the feasibility of off-the-shelf devices to record several
physiological parameters in MS patients continuously.
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1 INTRODUCTION

The recent advances in mobile and wearable technologies opened
up opportunities to improve healthcare monitoring systems. Using
devices like smartphones and smartwatches it is possible to collect
sensor data continuously, e.g., mobility or physiological data, that
can be linked to the health status of the owner of the devices. This
is particularly promising for the management of chronic conditions,
where the monitoring of patients’ physiological parameters over
extended periods of time could lead to a better understanding of
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diseases and improvement of therapies. Previous studies already
explored the use of mobile and wearable technologies to moni-
tor patients with diabetes [8], parkinson [9], or hypertension [7].
However, other complex diseases such as multiple sclerosis have
received less attention.

Multiple Sclerosis (MS) is a chronic inflammatory disease of the
central nervous system characterized by recurrent demyelinating
lesions in the brain and spinal cord, leading to nerves damage and
ultimately neurodegeneration. With more than two million patients
worldwide, MS is one of the leading causes of neurological disability
in young adults [4, 10]. MS patients are affected by a wide variabil-
ity of symptoms, including fatigue, sensory problems, difficulties
in motor function and coordination, cognitive deficits and bladder
disorders. The autonomous nervous system is frequently affected
in MS patients, but its impact on different symptoms, like fatigue, is
only poorly understood. A detailed assessment of the autonomous
nervous system in the standard clinical environment is challenging
and hampered by short-term or even single time-point measure-
ments. Multi-sensor wearable devices overcome these limitations
by allowing unobtrusive continuous monitoring over long-term
periods. With their light-weight and small size characteristics, they
enable to assess patients in their daily environment. Additionally,
these devices are less costly than medical-grade monitoring sys-
tems, making them more accessible. Moreover, such a system could
be as well beneficial for patients in countries or locations where
access to expensive medical monitoring systems is limited.

The goal of our work is to leverage mobile and wearable devices
to enable continuous monitoring of functions of the autonomic
nervous system in MS and allow patients to report their symptoms
and perform medical tests independently and on a regular basis,
i.e., weekly or even daily. In this context, we currently focus on
measuring autonomous nervous system functions continuously
and correlate it with important symptoms, in particular, fatigue.
Fatigue has a significant impact on the quality of life of patients, as
it affects work performance as well as personal interactions. Despite
being highly prevalent and being a debilitating symptom, it is not
well understood, and there are no objective parameters to diagnose
and quantify the level of fatigue. Researchers have highlighted the
need for a better understanding of the underlying causes of fatigue
and the implementation of new therapeutic strategies [12]. We
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Figure 1: Sensor validation protocol at the left side and sen-
sor placement at the right side. Empatica E4 devices placed
on the subject’s wrist; Everion devices on the arms; and the
Holter monitor attached with five electrodes to the chest.

plan to use wearable sensors to measure physiological parameters
- including electrodermal activity and cardiovascular parameters —
of MS patients continuously and over extended periods of time. By
letting patients use their smartphones to report perceived fatigue
levels, we expect to collect sufficient evidence to define a data-
driven model of fatigue. This will, in turn, allow us to develop a
system to unobtrusively and continuously measure fatigue using
wearable sensors only.

In this work, we present preliminary results in validating the
feasibility of off-the-shelf sensors, i.e., the Everion [1] and Empatica
E4 [2] devices, to be used to assess functions of the autonomous
nervous system. Our results show that the data provided by the two
devices under test is in good agreement with the signals supplied
by a medical-grade Holter monitor.

2 SENSOR VALIDATION: PRELIMINARY
RESULTS

Using wearable sensors, we aim to correlate measurements of daily
activities and autonomic nervous system function with the fre-
quency and severity of fatigue in MS patients. Our goal is to ex-
amine the role of the autonomic nervous system in MS-associated
fatigue and to develop new objective measures to follow fatigue in
MS patients.

As the first step in this direction, we considered two off-the-shelf
sensors capable of measuring heart rate through photoplethys-
mography (PPG) and electrodermal activity (EDA): the Empatica
E4 [2] and the Everion [1] devices. For assessing the validity of the
PPG sensors, we use a simplified protocol similar to the one fol-
lowed in [5]. The protocol initiates with 5 minutes of resting period
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Table 1: Values of features commonly used in the analysis of
heart rate (beats per minute) signals: Mean, standard devia-
tion (STD), and Root Mean Square of the Successive Differ-
ences (RMSSD). In particular, the features computed from
the data collected by the Everion device show a very good
agreement with the corresponding features of the medical-
grade Holter monitor.

Device Mean STD RMSSD

Holter Monitor | 128.5 27.8 20
Everion Right | 122.8 26.5 243
Empatica Right | 111.2  23.9 67.7

followed by five activities: biking (60W), biking (120W), walking
(5km/h), jogging (8km/h) and running (10km/h). Each activity lasts
for 5 minutes, and between each activity, there is a resting period of
5 minutes. The left side of Figure 1 depicts our validation protocol.

We conducted a preliminary test with one participant wearing
two Empatica E4 devices (one on each wrist), two Everion devices
(one per arm) and a medical-grade Holter monitor from General
Electric [3] with 5 electrodes attached to the body. The sensor
placement is depicted on the right side of Figure 1. Figure 2 shows
the signals collected from all three devices. The signals show a good
agreement, with the data from the Everion being almost identical to
the one of the Holter monitor. Table 1 shows the values of common
features used to analyze ECG signals. The values for all three devices
are very similar, whereas the Everion shows the best agreement
with the Holter monitor.

3 RELATED WORK

Yu et al. [13] created a portable wireless system that can differentiate
between fatigued MS patients and matched healthy controls. Results
from this work show that MS patients have alternations of the heart
rate (HR) and HR frequency depending if the test required cognitive
or physical effort. Similarly, we aim at measuring physiological data
and possibly identify alteration of the autonomic nervous system
in MS patients. However, instead of combining multiple sensors to
build a measuring system, we take advantage of the advances in
wearable technologies and use off-the-shelf devices.

Kim et al. [6] developed a real-time digital fatigue score (RDFS)
by using watches programmed to beep four times a day to query
patients about there fatigue level. We propose using a similar ap-
proach for real-time assessment of fatigue using smartphones.

The work by Sehle et al. [11] aims to quantify MS-related fatigue
by using kinematic gait analysis objectively. They found correlation
between physical measurements and subjective fatigue scales. In
our work, we consider sensors with integrated accelerometers to
estimate physical activity.

In summary, previous research on fatigue has focused on using
dedicated sensors or devices to investigate the symptom. In some
cases, only one sensor or device was considered [6, 11]. In other
instances [13], multiple sensors were employed simultaneously to
develop a measuring system. However, only short-time assessments
were conducted. We build upon this basis and the advances of
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Figure 2: Signals collected using the two devices under test and a medical-grade Holter monitor. In particular, the Everion
device by Biovotion shows a very good agreement with the data of the Holter monitor.

technology to propose a system based on a single off-the-shelf multi-
sensor wearable device and a dedicated smartphone application.
Wearable devices are light-weight and small size making them easy
to handle and allow for unobtrusive continuous monitoring over a
long-term period of time.

4 CONCLUSIONS AND FUTURE WORK

We report preliminary test results evaluating the feasibility of off-
the-shelf devices to be used to monitor fatigue in patients with MS.
Our tests show that the signals measured by both devices under
test are in good agreement with the data recorded by a medical-
grade device, whereas the Everion monitor is the one with the best
agreement. As part of our future work, we plan to run more tests
with several participants and to analyze the obtained data in detail.
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