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Abstract

Wearable technology plays a significant role in our daily life as well as in the healthcare industry. The recent coronavirus
pandemic has taken the world’s healthcare systems by surprise. Although trials of possible vaccines are underway, it would
take a long time before the vaccines are permitted for public use. Most of the government efforts are currently geared towards
preventing the spread of the coronavirus and predicting probable hot zones. The essential and healthcare workers are the
most vulnerable towards coronavirus infections due to their required proximity to potential coronavirus patients. Wearable
technology can potentially assist in these regards by providing real-time remote monitoring, symptoms prediction, contact
tracing, etc. The goal of this paper is to discuss the different existing wearable monitoring devices (respiration rate, heart rate,
temperature, and oxygen saturation) and respiratory support systems (ventilators, CPAP devices, and oxygen therapy) which
are frequently used to assist the coronavirus affected people. The devices are described based on the services they provide,
their working procedures as well as comparative analysis of their merits and demerits with cost. A comparative discussion
with probable future trends is also drawn to select the best technology for COVID-19 infected patients. It is envisaged that
wearable technology is only capable of providing initial treatment that can reduce the spread of this pandemic.
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Introduction

The whole world is going through a very critical and unprec-
edented situation since the recognition of the novel coronavi-
rus SARS-CoV-2 (COVID-19) [1, 2]. After the initial official
reports of pneumonia of unknown cause in December 2019,
it has rapidly spread throughout the world. By observing the sit-
uation, the World Health Organization (WHO) declared a public
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health emergency in January and characterized it as a pandemic
in March of this current year [2]. It has spread now about 216
countries, 2 international territories, and more than 25.90 mil-
lion confirmed cases with 0.86 million confirmed deaths (up to
September 2, 2020) [2]. The number of affected and death cases
related to coronavirus is increasing rapidly.

COVID-19 affects people in different ways. Any symp-
toms or a set of symptoms may be present in an affected
patient like fever, dry cough, fatigue, headache, loss of taste
or smell, diarrhoea, aches and pain, skin rash, conjuncti-
vitis, etc. [2-5]. However, some cases have been reported
where the patients do not exhibit any symptoms. Besides
this, after being infected by the virus, 5-6 days (average),
or even 14 days (maximum) are required to show the symp-
toms [6-8]. That makes it easier to spread the virus. Healthy
young people face mild to moderate respiratory illness and
recover without any serious treatment. On the contrary, the
elderly who were previously affected by some other com-
plicated diseases such as heart failure or coronary artery
diseases [9], diabetes [10], cancer [11-13], liver disorder
[14], etc. are infected more severely.

The number of infected people around the world is
increasing exponentially. Public healthcare systems are not
able to cope with the increasing number of patients. The hos-
pitals have quickly become overcrowded due to the excess
number of patients but however the ventilators, personal
protective equipment (PPE), oxygen supplier, etc. are inad-
equate. As the hospitals are not able to accommodate the
influx of patients, some patients need to lay on mattresses
upon the floor. The hospitals are becoming a notable carrier
of coronavirus due to the constant stream of new coronavi-
rus infected patients. The health caregivers, surgeons, hos-
pital management personnel have the highest probability of
becoming infected. As a consequence, public health experts
advise taking treatment from home despite getting in touch
with the hospital under normal circumstances [2]. People
should not be hospitalized immediately before they show
serious symptoms such as trouble in breathing, chest pain or
pressure, bluish lips or face, loss of speech, etc.

The global pandemic requires a global response. The
researcher, doctors, engineers are trying their best to stop
totally or to reduce the danger of this pandemic [15, 16]. As
the vaccine for the novel coronavirus is still under trial, efforts
should be focused on preventing the spread of the virus. In
the present era of artificial intelligence (AI) [17-20], the new
technologies can play a vital role to assist the world against the
pandemic. Wearable technology that can collect a wide range
of data such as heart rate, blood pressure, body temperature,
ECG, lung sound, blood oxygen saturation (SpO,) level, etc.
may help a great extent in preventing the spread of the infec-
tious coronavirus [21]. The healthcare system with wearable
technology allows a surgeon to monitor infected or probable
patients, assess the health risk, and forecast future conditions
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remotely [22, 23]. During the quarantine or self-treatment
period, a person/patient can be fully monitored by a doctor
with the help of wearable technology. This also provides an
opportunity for remote treatment and puts the healthcare work-
ers at a lesser risk of infection. Furthermore, a study related to
coronavirus transmission with skilled nursing facilities indi-
cated that the asymptotic rate of transmission was 56% (27 out
of 57), among them, 90% shows symptoms subsequently. From
this scenario, it is obvious that the symptom-based screening
method may fail to detect more than 50% of people affected
by COVID-19. The continuous data monitoring generated by
wearable technology can overcome these challenges.

The wearable technology has to be enriched for the fol-
lowing reasons: (i) to monitor remotely the status of the
health of a coronavirus infected patients or self-quarantined
individuals who are taking treatment in a personal room. (ii)
Forecasting the risk of the vulnerable people who are under
the critical zone regarding COVID-19. The early screening
will assist in reducing the infection rate significantly. (iii)
To decrease the transmission rate of infectious COVID-19
among the surgeons, caregivers, and hospital management
personnel and patients of other diseases as wearable tech-
nology allows the surgeons and caregivers to check patients
in real-time. (iv) To ensure service delivery of telehealth
and Internet of Medical Thing (IoMT) technologies to fight
against COVID-19 as without the patient data produced by
wearable technology, the telehealth system, or IoMT or any
other intelligent medical system cannot perform effectively.

This paper aims to describe the impact of the relevant
wearable technology that helps to fight against the pan-
demic COVID-19. The entire review work is categorized
in two directions: (i) initial symptoms monitoring systems
for COVID-19 (ii) respiratory support systems for COVID-
19 infected patients. All the developed systems are demon-
strated in terms of types of services, working functionalities,
relative cost as well as merits and demerits of the current
systems. The challenges faced by existing systems as well
as potential future works are also drawn.

The rest of the paper is as follows. The supportive wear-
able devices for assisting COVID-19 patients are reviewed
in Sect. “Supportive Wearable Devices for COVID-19
Patients”. Section “Discussions” discusses the reviewed sys-
tems, their limitations, and some future directions. Finally,
Sect. “Conclusion” presents the concluding remarks.

Supportive Wearable Devices for COVID-19
Patients

The reviewed wearable systems for assisting the patient
affected with the novel coronavirus (COVID-19) can be
broadly divided into two main categories: basic symptoms
monitoring systems for COVID-19 and respiratory support
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systems for COVID-19. While basic symptoms monitoring
systems observe and identify potential coronavirus patients
by monitoring health indicators such as respiration rate
(RR), body temperature, pulse rate, oxygen saturation in
the blood (SpO,), etc., respiratory support systems such as
ventilators, CPAP systems, oxygen therapy, etc. aid corona-
virus infected patients on their recovery process. Figure 1
provides an overview of the wearable assistive technology
for the patients infected by the novel coronavirus.

Basic Symptoms Monitoring Systems for COVID-19

The term wearable technology represents the intelligent
electronic devices that are worn on the body for assessing,
evaluating, and transferring different types of data. The
data can be, for example, different types of signals related
to the body and physical activity. The wearable technology
performs a substantial role in the detection of COVID-19
symptoms to assist the patients infected by this novel virus.
There are three signs which are considered as primary coro-
navirus symptoms: (i) respiratory distress/difficulty (ii) fever
and (iii) coughing [24] which are universal to all the clinical
demonstrations of COVID-19. The person who is infected
by this virus has a respiratory rate (RR) > 20 breaths/min
(bpm), body temperature > 38 °C, (iv) pulse rate > 100 beats/
min in general [25, 26]. Hence, it is crucial to assess res-
piratory, cardiovascular monitoring, and evaluation of other
parameters such as body temperature, oxygen saturation
(SpO,). Using wearable sensors, the necessary assessment,
monitoring, and evaluation of parameters are performed very
easily, effectively, and cost-efficiently. The systems that are

developed for basic signs monitoring for COVID-19 infected
patients are described as follows.

Respiration Rate Monitoring

Respiration rate for respiratory assessment is one of the
most crucial parameters in COVID-19 infection detection
as the virus has a severe effect on the lungs area. COVID-
19 shows a lower-respiratory tract infection that causes
disorder in lung tissue, shortness of breath, and coughing
[27]. The patient who has serious respiratory difficulty has
a respiration rate > 30 breaths/min that can lead to acute
respiratory distress syndrome (ARDS) [28]. Real-time
and continuous assessment of RR is very important for
monitoring the current condition, progression, and treat-
ment of the patients infected with COVID-19. A group of
researchers has already proposed wearable devices that
are mounted on the chest [29] or put on the skin [30] to
measure the RR and these devices are useful for moni-
toring COVID-19 patients. Accelerometer-based sensors,
triboelectric sensors, and wearable strain gauge sensors are
used to measure the RR and provides satisfactory results.
But patients may not feel comfortable wearing these types
of belts. RR can be assessed by monitoring the variations
in body temperature, humidity, and CO, using wearable
devices. Using the airflow-sensing method, researchers
have proposed many wearable devices that used nasal or
oronasal thermistor, a humidity sensor and a CO, sen-
sor that identifies the temperature/humidity/CO, changes
between the inhaled and exhaled air. For instance, Liu
et al. [31] proposed a RR system that is used to be placed
on the upper lip which is mainly a flexible epidermal
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Fig. 1 Overview of the wearable assistive technology for the patients infected with COVID-19
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respiratory system based on the thermal convection. Dai
et al. [32] introduced a polyelectrolyte humidity sensor,
a particular type of humidity sensor that can be attached
to a facial mask which is widely used during the COVID-
19 pandemic. But the system may not be suitable for the
patients and the movement of the sensor may influence the
accuracy. RR can also be measured by electrocardiography
(ECG) and photoplethysmogram (PPG) which can be eas-
ily obtained by wearable devices. Charlton et al. [33] pro-
posed a system for RR estimation from ECG and PPG [34]
which increased the estimation accuracy. The benefit of
the system is that it can be incorporated into commercial
wearable devices, thus adding RR monitoring functionality
in existing systems. Hence, this technology would be very
efficient for COVID-19 patients to monitor their RR during
this current pandemic situation.

Heart Rate Monitoring

COVID-19 can significantly affect heart function and
lead to myocardial injury which may irreparably dam-
age the cardiovascular system [35]. Viral illness due to
the COVID-19 increases physiological stress on the body
which typically manifests as an overall increase in heart
rate (HR). Wearable devices are used to monitor the HR
of COVID-19 patients as they are very convenient and
cost-effective.

A piezoresistive sensor based wearable device for moni-
toring heart rate was proposed by Quy et al. [36]. The device
monitors the heart rate in real-time. It is very cost-effective,
small, and has high accuracy. Besides other clinical uses,
this device can be used for COVID-19 patients. Shahshahani
et al. [37] developed an ultrasound sensor based wearable
device for heart rate monitoring. But the piezo sensor of the
device is supposed to place perpendicular to the heart for
achieving better accuracy. This device monitors the heart
rate in real-time as well as ECG signals which is very help-
ful for COVID-19 patients nursing. Tamilselvi et al. [38]
proposed a system for health monitoring that can monitor
primary metrics of a patient such as body temperature, heart
rate, eye movement, and percentage of oxygen saturation.
For this purpose, the system integrated heartbeat, SpO,,
temperature, and eye blink sensors for data collection and
Arduino-UNO as a processing device. As this system is [oT
based, doctors can monitor the COVID-19 patients remotely.
Banerjee et al. [39] proposed a non-invasive technique based
pulse rate detection system. The system applied the plethys-
mography process and consistently exhibited the result digi-
tally in a real-time monitoring device. The device provides a
reliable heart rate monitoring system for COVID-19 patients
as it is better than other contemporary invasive techniques
based devices.
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Temperature Monitoring

Temperature measurement is exceptionally essential for
COVID-19 detection and has been broadly used by many
countries as an instant test to determine if travellers or citi-
zens have been infected with COVID-19. While quarantining
people with fever may prevent spread to some point, this
method for body temperature monitoring is not adequate
as COVID-19 can be spread before the fever grows. The
continuous monitoring of skin temperature can be a good
approach in this regard which is currently used by some hos-
pitals [40]. Wearable devices are considered as an efficient
solution for this purpose. Many researchers have already
proposed wearable devices for continuous body temperature
monitoring which can be used for COVID-19 patients.

Song et al. [41] proposed a wearable system based on
multiple artificial neural networks which monitors the body
temperature very precisely with shorter reaction time. Liu
et al. [42] proposed a wearable device as a physiological
monitoring system that monitors body temperature, ECG,
blood glucose, blood pressure, and some other physiologi-
cal parameters. The device is very small in size, easy to
use, and specially developed for home application which
can be used for COVID-19 patients. During this pandemic,
infants can also be infected by the COVID-19. Zakaria et al.
[43] developed an IoT based body temperature monitoring,
especially for infants. The device is very small in size, light-
weight, and continuously monitors the body temperature and
comfortably used by the baby. Another IoT based device
named Health Companion using wearable computing was
proposed by Kulkarni et al. [44] which monitors the tem-
perature and pulse. This device aims to measure and collect
different parameters of the human body, assist the users to
monitor their physical condition, and facilitates the doctors
to closely investigate the patients’ ailments. This device can
be used for fever tracking during illness. The device also
alerts users as well as the clinical staff of sharp changes in
temperature or high fever.

Oxygen Saturation (SpO,) Monitoring

Respiratory illness of a patient can be assessed by measuring
the level of blood oxygen saturation (SpO,). It measures the
percentage of hemoglobin saturated with oxygen which is
an indication of the overall physical condition of the human
body. SpO, level of an overall healthy person is 95-100%.
It decreases if someone has respiratory distress [45] or any
other health issues. This SpO, is a crucial factor for monitor-
ing the progression and acuteness of disease in COVID-19
infected patients. In addition, the resting SpO, rate is signifi-
cantly lower in patients who are in a severe stage.

Xue et al. [46] developed a wearable device that con-
tinuously monitors S,0, and body temperature in real-time.
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This device can be used for COVID-19 patients as its power
consumption is very low and compact in design. A wearable
device for Heart Rate Variability (HRV) and SpO, estima-
tion was proposed by Jarchi et al. [47] which used com-
mercial wrist-worn pulse oximeter for achieving accurate
results. Son et al. [48] developed a light reflection based
wearable SpO, measurement device for real-time monitor-
ing. The device has small dimensions, accessible measure-
ments, location tracking, and IoT support. Using the device,
doctors can monitor the level of SpO, of COVID-19 patients
remotely. To measure the SpO, of the patients experiencing
obstructive sleep apnea (OSA), a telemedicine system was
proposed by Rostami et al. [49]. The system allows real-
time monitoring of the SpO, level for the detection of apnea
episodes in patients with OSA and helps them to track their
health conditions. This telemedicine system can be very
helpful for remote monitoring of the SpO, level of COVID-
19 patients. In addition, Oxitone 1000 M can be used for
this purpose as it is the world’s first FDA-approved wrist-
sensor pulse oximetry monitor with high accuracy. The SpO,
measurement error rate for this device is within 3% [50]. The
device can also be worn on the different places of the body
for example on the head or in the chest area.

Respiratory Support Systems

There are many assistive respiratory support systems [51]
that are used to assist COVID-19 patients in their recovery
process. The systems that are developed based on wearable
technology for the respiration support of COVID-19 patients
are outlined as follows.

Ventilators as Respiratory Support

Open source positive pressure ventilation device (OSPPVD)
was developed in response to the shortage of ventilation
capacity in hospitals for COVID-19 patients [52]. The OSP-
PVD assistive respiratory support system was designed in
accordance with a health care professional descriptions and
observation of COVID-19 infection rather than recreating
existing technologies [53]. Most of the assistive breathing
support systems for COVID-19 patients are very expensive.
Hence, in response to this expensiveness of the systems,
a preliminary investigation design for easy development,
simple, innovative, and portable ventilator for COVID-19
patients was carried out in the study of [54]. The proposed
ventilator would be developed in accordance with proper
medical standards such as IEC 62304, ISO 5367, and ISO
80601, and the system will facilitate the monitoring of expir-
atory/inspiratory ratio of COVID-19 patients via an LCD
screen.

CPAP Devices for Breathing Assistant

The guidelines for the management of COVID-19 patients
with respiratory failure are the use of continuous positive
airway pressure (CPAP) and non-invasive ventilation (NIV)
assistive respiratory support systems; provided appropriate
personal protective equipment is worn. The CPAP and NIV
devices have the potential to minimize the risk of airborne
transmission from COVID-19 patients. According to [55],
CPAP provides the application of a stable level of positive
airway pressure throughout the entire respiratory cycle. The
Formula One Company in collaboration with mechanical
engineers from the University College London and clini-
cians at College London Hospital produced CPAP assistive
respiratory support systems for COVID-19 patients which
can easily be reproduced [56]. The system has already been
approved by the medicines and health product regularly
agency and it has been widely used for COVID-19 patients
in Italy and China, respectively. The system is very effective
while being less invasive and does not require healthcare
workers or intensive monitoring because patients can be
weaned off and put the bank on again if needed [56]. Nish-
kantha et al. [S7] recommended the use of the helmet device
for CPAP and pressure support ventilation (PSV) which are
also respiratory support systems to limit the spread of the
virus into the ambient air. A helmet is a reusable single inter-
face made up of a plastic hood on a hard plastic ring with a
multi-size silicon polyvinyl chloride soft collar to fit a wide
range of neck’s dimensions [58, 59]. An alternative Con-
tinuous Positive Airway Pressure system (ACPAP) assistive
respiratory support system for COVID-19 was proposed to
include an anesthesia reservoir bag to enable COVID-19
patients’ spontaneous ventilation to be manually assisted
and the system proved to be invaluable in generating larger
breaths [60]. The ACPAP respiratory support system was
developed by engineers from the Innovation Department of
Hospital Sant Joan de Deu, Spain supported by research-
ers who developed a CPAP respiratory support system with
positive end-expiratory pressure (PEEP) valve and a Ven-
turi connector fitted to a facial snorkel interface [61]. The
system offers an alternative frontal interface which reduces
droplet dispersion that reduces the risk of infection to health
workers.

Oxygen Therapy for Respiration

High flow nasal cannula (HFNC) is one of the respira-
tory support systems that support patients infected with
COVID-19. COVID-19 infected patients were successfully
discharged from the negative pressure intensive care unit
(ICU) after treatment with HFNC respiratory support system
[62]. HENC respiratory support system allows COVID-19
patients to turn into the prone position three times a day, thus
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a manoeuvre that helps the patients in improving oxygena-
tion. Non-invasive ventilation (NIV) and high flow nasal
oxygen (HFO) breathing assistants have been used to man-
age acute hypoxemic respiratory failure caused by COVID-
19 [63, 64].

Discussions

The unparalleled severity and exponential speed at which
COVID-19 pandemic is spreading among humans have
indeed taken modern healthcare systems around the world
by surprise. The pandemic has exposed the ingenuity, impor-
tance, resilience, and selflessness of healthcare and essential
workers worldwide. Sadly, healthcare workers are also more
exposed and prone to coronavirus than anybody else and
have one of the highest mortality rates. More than ever, we
need the combined help of wearable technologies, telemedi-
cine systems, medical robotic systems, diagnostic and Al
monitoring systems in our war against the coronavirus.

Wearable symptoms monitoring systems can help to
reduce the spread of coronavirus by detecting both individ-
ual infections and geographic coronavirus hot spots. They
can also work as an immediate layer of protection between
healthcare workers and infected patients. As smartphones
and smartwatches are very common devices nowadays, they
can be used as both sensors and IoT gateways towards mass
health monitoring. Especially, smartwatch or wrist-worn
device based SpO, monitoring and heath rate monitoring
systems can be used as early warning systems for corona-
virus infections in a community [47, 48, 50]. Such systems
would also be more suitable for widespread adoption due
to their availability and lack of additional hardware modi-
fications. While temperature monitoring systems are very
useful for early monitoring of coronavirus, their effective-
ness can be increased by pairing them with other monitoring
systems such as respiratory rate monitoring systems, heart
rate monitoring systems, SpO, monitoring systems, etc. It
is very difficult to combine all the symptoms monitoring
systems in a combined system due to their vastly different
sensing technology and hardware requirements. Therefore,
more effort should be put on the development of symptoms
monitoring systems with increasing sensitivity rates for early
detection of a large number of COVID-19 infected patients.
It should be noted that most of the crucial medical detection
systems employ a two-test verification process [65, 66]. The
first test maximizes sensitivity, while the second test maxi-
mizes specificity to identify actual patients. The symptoms
monitoring systems can also be combined in such ways to
identify all potential coronavirus patients.

Assistive respiratory support systems have been widely
used for COVID-19 patients. However, they are compara-
tively expensive, poses the risk of infection to workers and
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some are not user friendly such as NIV, HFO, and CPAP
breathing assistants. Without appropriate personal protective
and good fitting equipment, these devices increase the risk
of airborne transmission from COVID-19 patients. Open
source respiratory support systems are also available such
as OSPPV which is inexpensive and developed in response
to the shortage of ventilation capacity in most of the hospital
around the world especially in developing nations. Likewise,
some preliminary investigations were carried to develop
simple, innovative, and portable ventilators for COVID-19
patients such as the work in [54]. Assistive respiratory sup-
port systems such as the CPAP [56] are less invasive and
do not require intensive care from health workers. These
systems also work on a need basis as patients can be easily
put off the device when they recover and re-introduced if
necessary. Ventilators are still very high in demand due to
various cost and production bottlenecks. Production of such
systems is further bottlenecked due to the limited number of
factory workers amidst the pandemic. Thus, research should
be focused on not only developing cheap alternatives to ven-
tilators but also on faster scalable production systems.

Telemedicine, IoT, and IoMT systems can play a vital role
in minimizing the risks of healthcare workers as they don’t
require proximity to patients. However, the burning issues
such as motion artifact, power consumption, and real-time
processing need to be addressed before these systems can
be utilized to their full potential. The improvement of such
wearable remote monitoring systems would also facilitate
the implementation of cost-effective and timely healthcare
solutions that span the entirety of the management process of
COVID-19 patients from early warning systems to preven-
tion, diagnosis, treatment, and rehabilitation.

In the future, research can be focused on developing flex-
ible and stretchable sensing solutions for prolonged peri-
ods of use and continuous monitoring. Intelligent fabrics
employing wearable sensors should also be developed as it
helps to monitor all the vital symptoms regarding coronavi-
rus. The pandemic is also affecting the mental health of the
population. So, emotion-aware abilities can be integrated
into IoMT solutions to monitor the mental health patients
and provide necessary personalized assistance whenever
necessary.

The huge amounts of data from wearable sensors can be
further utilized if they are synced centrally. Centralized data
syncing and data analysis will play a major role in quickly
identifying affected regions and help to lower the spread of
the disease. This data can be used to train efficient Al solu-
tions that monitor and predict possible outbreaks, anomalies,
and exacerbations. However, the largest impediment towards
developing such systems are the issues of data privacy, data
sharing, and miss-use of data. The problem is further com-
pounded by complex communication protocols, malicious
attacks, outdated infrastructure, etc. Ethical and responsible
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use of these kinds of sensitive data would alleviate some of
the concerns related to mass monitoring solutions such as
contact tracing applications.

Also, there is a considerable social stigma towards coro-
navirus patients or people who are suspected of being coro-
navirus infected. Mass media campaigns can be organized in
the future to raise public awareness regarding these issues.
Further research should also be focused on creating patient-
oriented systems. The developed systems should be tested
on metrics such as user satisfaction, patient outcome, etc.

Conclusion

An unprecedented disaster such as the coronavirus pandemic
forces us to re-think the role of technology in the opera-
tion of healthcare services. COVID-19 pandemic serves
as a catalyst to prompt discussions about the importance
of publicly or privately funded research well ahead of an
unexpected pandemic that might happen in the future and
the innovative usage of existing technology to overcome the
limitations of the current management scheme of healthcare
systems. Although wearable technologies demonstrate tre-
mendous potential in dealing with infectious diseases such
as the novel coronavirus, the aforementioned limitations hin-
der widespread adoption. While limitations such as privacy
concerns require immediate attention, there is no doubt that
wearable technologies can not only work as an early warning
system but also as life-saving devices. When we emerge out
of this crisis, it is of paramount importance that we should
continue our undivided attention and research into these
paradigm changes and technologies.
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