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Abstract—The majority of marathon deaths are caused by sudden cardia ar-
rest which occurs in approximately 1 in 100,000 runners around the world. In
such cases, sudden resuscitation of first aid, including an early use of automated
external defibrillator (AED) on runners by medical staff is immediately neces-
sary. However, in some cases patient information of the runner is required to
support the clinical decision-making of the medical staff, including the admis-
sion to hospital with certain symptoms. To make marathon events safer, we de-
veloped a mobile-healthcare emergency assistance application for safety and
prevention in marathon events. Our project covers three phases: registration, da-
ta analytics and running phases. In the registration phase, we designed and de-
veloped a form containing the runner’s electronic personal health record filled
in during the registration of the runner at the event. For the analytics and run-
ning phases, we analyze the data from the registration phase in order to prepare
the capacity of resource and medical staff necessary to prevent and treat injuries
and accidents including a sufficient number of AED devices. Finally, for the
running phase, we developed a mobile application Medic and Track based on
the qr code scanning in BIB for patient information that allows to locate the
runner's emergency aid point and bring the patient to that rescue point or hospi-
tal. We also tested the application on a large number of runners participating in
the CMU marathon 2020 with 9721 runners. The results of this study suggest
that the purpose of our application can be generally accepted for the medical
staff, and it also proved to be a suitable technology to prevent serious accidents
in future marathon events.

Keywords—mobile-healthcare emergency, running, marathon, patient health
information, sudden cardiac arrest

1 Introduction

The marathon has recently garnered international recognition as a result of in-
creased participation [1] as this kind of long-distance race is considered as one of the
most popular individual sports in the world as well as a major component of track and
field competitions. Nevertheless, longitudinal epidemiological studies of marathoners
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[2] and sports reveal that overuse injuries are a prevalent and devastating problem in
these groups [3,4] In a report, the International Olympic Committee concluded that
sports load is a cause of injuries and illnesses. High loads can have either a favorable
or unfavorable impact on injury risk, depending on the rate at which they are applied
and the athlete's internal health conditions [5, 6]. Even worse, in Japan, 107 occur-
rences of sudden cardiac arrest (SCA) have been documented in the last ten years
(2002-2011) [1]. Cardiogenic diseases, such as ischemic heart disease, cause the
majority of SCAs during marathons; moreover, nearly half of the participants die.
According to prior research, SCA happens in roughly 1 in 57,000 marathoners in the
United States, is more prevalent in older men, and several incidents happen in the last
4 miles [7] Significantly, both studies show that rapid resuscitation, including the use
of an AED as soon as possible, increases survival rates in runners with SCA. Alt-
hough qualified medical personnel and adequate AEDs are required along the race-
course, both are restricted due to the exorbitant expense of several of these events.
Nevertheless, before the marathon, a cardiac screening test utilizing an electrocardio-
gram (ECG) has been used to avoid SCAs; but even so, these instances are still con-
tentious due to high costs and numerous false-positive findings [8]. Thus, a better
knowledge of the relationships between sports load, health, and performance among
competitive long-distance runners [9, 10] are needed, especially in environments
where running is a known profession [11].

In Thailand, Marathons have become increasingly popular, because many individ-
uals are eager to participate in such events [12] and people in Thailand are becoming
more health-conscious and exercising more [13]. According to the data, Thailand had
15 million runners in 2018, up from 12 million in 2016 and 5.8 million in 2002 [13].
Therefore, several marathon events have been arranged and held in various places,
giving runners a variety of alternatives. The Bangsaen21 Half Marathon is a well-
known option among runners and has been rated Thailand's finest marathon competi-
tion by a number of organizations. This event not only has an economic influence on
the locals, but it also has a social impact. In spite of only having a 35% possibility of
participation, more than 37,000 runners still enrolled [12]. However, due to the
COVID-19 situation in Thailand [52] the marathon events were refrained in 2020.

Mobile healthcare technology has become popular during the past decade among
runners and at marathon events. Devices such as smartphones or tablets can provide
up-to-date information as reference for healthcare providers. We propose a case study
for the development and design of mobile technology for the safety and health compe-
tence in emergency assistance for runners. In this study, we describe the framework
for the mobile application designed for the emergency assistance of runners. First, we
propose the emergency system and medical support framework for runners in mara-
thon events. Second, we demonstrate a case study based on the use of our system at
the CMU Marathon 2020 event. This research is structured as follows: some related
work is presented in section 2. Section 3 presents the design system architecture in-
cluding the step-by-step case study of the mobile application. Section 4 showes the
results of the CMU Marathon 2020. Discussion is provided in section 5. Finally, sec-
tion 6 contains the conclusion and the future work related to our study.
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2 Related work

2.1  Health and injury of runners

Marathon running has grown in popularity over the last decade, both in terms of
the number of events organized and the number of people who participate in them
[14]. According to the 2010 Running USA annual report, the population of marathon
finishers has increased by 32% in the last decade [15]. The current increase in mara-
thon participation is possibly due in part to increasing knowledge of the health ad-
vantages of regular physical activity. Physical activity has been shown in several
studies to have positive benefits on physical and mental health, as well as enhancing
lifespan [16, 17]. Marathon running has also been linked to a lower incidence of hy-
perlipidemia, hypertension, and diabetes [18]. Regular runners have been reported to
have decreased rates of death and disability from all causes [19], [47].

In spite of these advantages, marathon running might have a negative impact on
one's health. Injury has been claimed to occur up to 90% of the time in a person train-
ing for marathons, with the large number of these injuries involving musculoskeletal
[20, 21] problems. After running a marathon, there are biochemical and physical indi-
cations of cardiac injury that may be seen right afterwards [22, 23, 24]. When com-
pared to individuals who train more intensively, those who have less rigorous pre-
marathon training schedules had greater levels of heart damage indicators identified in
the serum after a marathon [22]. With the rapid rise in marathon popularity, others
have expressed worry that several of the newer marathoners are less physically strong
and properly trained [25], [48], likely increasing their risk of heart damage. Mara-
thoners are susceptible to sudden death, which is most commonly caused by cardiac
issues [26]. For these reasons, the emergency runner systems and healthcare applica-
tions for runners have prevalently been developed to prevent injuries and illnesses of
runners and provide early resuscitation.

2.2 Emergency runner systems

In Japan, the frequency of marathons and other road events has grown significantly
[27], as has the incidence of abrupt cardiac arrests occurring during these events [28],
[50]. For marathoners who experience cardiac arrest during road events, the authors
created a rapid mobile automated external defibrillator (AED) system to give early
cardiopulmonary resuscitation (CPR) and AED assistance [29,30]. The system is
made up of mobile teams (paramedics riding bicycles while carrying AEDs and
emergency medical equipment) and on-foot groups (paramedic trainees carrying
AEDs and providing assistance for daily living). Medical communications emergency
responders, personnel at a first-aid stop, and doctor participants who run the marathon
and are ready to help if required through a global positioning system—enabled cell-
phone are all part of the system [31]. Furthermore, through the study of device data,
new potential for estimating participant medical requirements throughout these events
arise with consumer activity monitor devices. Consumer activity monitors are preva-
lent, having 13% of people tracking their physical condition using a smartphone app
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or gadget [32], [49]. Due to the prevalence of these gadgets, researchers now have a
new method of obtaining participant data in medical studies and analyzing obtained
information to help understand health and patient results [33], [S1]. Consumer activity
devices, as opposed to self-reported surveys, give more detailed information on pa-
rameters, including energy consumption, heart rate, step counts, recorded lengths, and
elevation changes [34]. These non-invasive gadgets, which are generally worn on the
wrist or hip, increase the practicality of passively and constantly gathering data on
both personal and community scales.

In addition to consumer activity devices, the telemonitoring gadget in the
healthcare system gained popularity as a result of societal concerns, such as increased
health awareness and the rise of medical expenses caused by an aging society. ECG
telemonitoring, especially that equipped with ‘duranta’, is helpful in the diagnosis of
certain illnesses, such as underlying atrial fibrillation and cerebral infarction [35]. The
duranta is a tele-monitoring device for patients with chronic illnesses that was de-
signed to be used at home [36]. The system consists of a wireless ECG sensor and
cellphones that perform as transmitters, enabling real-time remote monitoring using
cloud servers over a cellular or Wi-Fi network. The European Society of Cardiology
has also suggested that athletes undergo cardiac screening through the use of an ECG
before running a marathon. Nonetheless, due to the large investment expenses in-
volved and the likelihood of false-positive findings, the usefulness of SCA prevention
is debatable [8]. Apart from the emergency system, recent advances in ICT and sensor
technology have made it feasible to observe the physical elements of human behav-
iors at any time. As a result, the accessibility and usage of physical activity-related
mobile phone applications have increased exponentially [37, 38, 39].

2.3  Healthcare application for runners

Mobile applications have the potential to promote and encourage physical activity
[37, 40, 41]. They have a wide range of functions and are convenient to use, individu-
als easily carry them and access data anyplace and anytime, they can give feedback
possibilities, GPS navigation data can be used, and so on [37,40]. Although
smartphones are intriguing devices for (e-) coaching [42], most fitness and health-
related applications (mainly) give performance feedback, with minimal personalized
assistance [38]. Inspirun is a customized running-app for Android devices [43]. An
innovative technology for recreational runners, it distinguishes itself by combining a
customized coaching approach with automated customization of training schedules
based on biofeedback and GPS location. Three user tests provided positive results;
users were delighted with the customized approach, both in characterizing and de-
adapting their training schedule. It is proposed that applications in terms of sports
performance monitoring and targeted advice can have an influence on physical activi-
ty, liveliness, and active lifestyles in urban places [43]. Besides, Tseng et al. [44]
designed and evaluated the International Institute of Race Medicine (IIRM) Medical
Recommendations app for ios and Android platforms in collaboration with an applica-
tion development company (Boston Technology Corporation Inc, Boston, Massachu-
setts). The IIRM application included treatment recommendations for the following
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conditions: changed mental state, chest discomfort, exercise-related collapse, heat
sickness, suspected hyponatremia, suspected hypothermia, and muscular cramps.
Participants considered the IIRM app to be simple to use and easy-to-incorporate into
their medical practice. This was to be envisioned, since the design prioritized quick
navigation, a simplified user interface, and minimized text-heavy data to ease point-
of-care utilization. The objective was to deploy the app prior to the marathon day so
that users could become acquainted with it before using it at the point of care. Ac-
cording to survey results, participants did, as predicted, download and utilize the app
prior to the event. The majority of respondents said they would use the IIRM app
again and suggest it to other providers, confirming the program's usefulness and ac-
ceptance among users. Regardless of the fact that most participants found the [IRM
app to be simple to use, most of them did not refer to or utilize it throughout the event
[44]. Since medical knowledge and people’s health are the most crucial considera-
tions, aside from smartphone application, e-learning in resuscitation has also been
considered as an effective method of providing medical information to people who
are health-conscious and work or study in the medical field.

3 The development of the emergency assistance system for
marathon runners

In this study, to prevent an emergency, we developed an application for the safety
and health competence of emergency assistance for marathon runners, since their
health and safety should be regarded as the most important concern before participat-
ing in a marathon. To develop the system, we differentiated three phases: the registra-
tion, data analytics and running phases are shown in Figure 1. In this chapter we pro-
vide a step-by-step description of the phases.

Registration phase Data analytics phase Running phase
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Fig. 1. Emergency assistance system for marathon runners
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3.1 Registration phase: Design form for an electronic personal health record

In the registration phase, the objective is to design and develop a form for the reg-
istration of the runner’s electronic personal health record [46] which is the medical
history of runners supporting the field doctors in any serious cases of emergency.
After that, we developed a web-based registration application and a health database
for prevention and assistance in the case runners encounter an incident during the
race. This includes the runner’s basic information form and the module, which con-
tains basic information, the runners’ personal information, address, birthplace, etc.
Furthermore it includes the medical and health form, a system for collecting and man-
aging runners' medical and health information that consists of information such as the
medical history and eventual drug allergiesetc., as shown in Table 1 and in appendix
A. These forms are filled during the registration of the runners who participated in the
CMU MARATRON 2020. It is important to note that we had designed the form so
that it contains only the most important data because participants may feel stressed if
the form to be filled in before the marathon event is too long.

Table 1. Form of the runner’s electronic personal health record

Form Information Objective

Basic runner information and medical
history of runners focusing on serious
emergency cases

Demographics, Health history,

Part 1: Basic Health Information R
injury report

Health database and statistics of

Part 2: Running race experience personal running record .

running
Part 3: Knowledge and under- Raising the awareness of the runner
standing of basic life support Basic life support(BLS) on the basic knowledge of life support
(BLS) and first aid for other runners.

3.2 Data analytics phase

In this phase, we analyzed the data from the registration phase in order to prepare
the capacity of resource and medical staff to prevent and treat any injuries and acci-
dents. The application was based on the CMU Marathon 2020 (https://run.cmu-
marathon.com/episode-2020/) event, which was held at Sala Ang Kaew, organized by
Chiang Mai University on February 9, 2020, to celebrate the 55th Anniversary of
Chiang Mai University and the 5" anniversary of the CMU Marathon under the slo-
gan, “Together we are one”.

We summarize the runner data of the CMU Marathon 2020. Based on the testing of
the applications by the runners, we can determine that there were 9,761 runners par-
ticipating in the running event, which included 2,469 runners in the marathon (25 %),
3,174 runners in the half marathon (33%), 3,247 runners in the mini marathon (33%),
and 871 runners in the Fun Run (9%), as shown in Table 2. As regards the gender
distribution, therewere 5,734 male runners (56%) and 4,027 female runners (44%). As
shown in Table 3, there were 1,920 runners in the 20-29 years old group, (19.67%),
3,517 runners in the 30-39 years old group (36.03%), 2,320 participants in the 40-49
years old group (23.76%), 918 runners in the 50-59 years old group (9.40%), and 152
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participants in the age group 60 years and above (1.55%). The other 934 runners of
the CMU marathon did not specify their age.

Table 2. The number of participants in each type of running events

Running event types Number of participants Percent
Marathon 2,469 25%
Half marathon 3,174 33%
Mini marathon 3,247 33%
Fun Run 871 9%
Total 9,761 100%
Table 3. The number of runners by age (CMU Marathon 2020)

Age Number Male Female Percent
Did not specify 934 503 431 9.56%
20-29 1,920 1141 779 19.67%
30-39 3,517 2050 1467 36.03%
40-49 2,320 1371 949 23.76%
50-59 918 555 363 9.40%
More than 60 152 114 38 1.55%
Total 9761 5,734 4027 100%

In addition, medical histories of runners’ family members identified that 74 people
experienced sudden cardiac arrest or died of an unknown cause (Figure 2). The most
common three health conditions specified by 2,310 runners were high blood pressure,
hyperlipidemia, and asthma (Figure 3). Furthermore, during breaks, runners with
swollen feet or legs were the most common health issues, followed by chest tightness,
pain in the neck and jaws, fainting, and fatigue respectively, as shown in Figure 4.
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Fig. 2. Bar chart of the number of medical histories of runners’ family members
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Fig. 4. Symptoms occurred during breaks

3.3  Running phase: Applications for the real-time running event

In terms of the running phase, we developed an application for the exclusive use of
staff such as medical teams of field nurses who take care of runners in case of emer-
gency cases.

Medic application: History report and information for CPR. The application of
medics was developed to display the health information, and health history of runners,
including telephone numbers and contact information of relatives for emergency cases
(History Report and Information for CPR). When runners signed up for the CMU
marathon 2020, the basic information they provided, as we mention before, is used to
create a personal health record database. A unique QR code is then generated and
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placed on the corner of each runner’s BIB, as shown in Figure 6. Runners could ac-
cess the database via a website to modify the additional information, such as health
conditions, medications and allergies. In terms of emergency cases, only the medical
officials can scan the QR code and then display the person’s name, health history and
emergency contact information shown in Figure 5. Please note that after the race, the
QR code is disabled,making the information no longer available, thus supportingin-
formation security.

ls
00401 010 1 ATAIED s O 12151
425 cMU Display health
. SCAN BIB Y E{g@ 12151 record
information on BIB (back cover)

—=
Fig. 5. Example of using the medic application
RFID chip time
for track and locate QR code of hezlth record

Fig. 6. Example of BIB used at the marathon event including a QR code and RFID chip

Application Track: Point-based & location-based runner tracking. Moreover,
we also developed the application Track, a mobile-based application, utilizing point-
based and location-based technoology, allowing staff and other medical teams to
locate the runner's emergency aid point and also to bring the patient to that rescue
point or a point where the ambulance can bring the runner to the hospital, as shown in
Figure 7. A technology based on the RFID chip time was used to calculate and track
the location of the runner, located in the back cover of the BIB.
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Fig. 7. Example of the application Track using point-based & location-based technology to
track runners

4 Result and discussion

4.1 Result

The overall number of staff and volunteers was estimated to be around 300 people
working to support the CMU marathon 2020. Thus, we used a questionnaire to survey
the usefulness of the mobile application. 32 medical staff completed the survey
through Google form. The result of the post-event are shown in Table 4 and Table 5
respectively.

Table 4. The survey questionnaire on mobile application usefulness (n=32)

Strongly Disagree Neutral o Strongly
Disagree (%) | (%) @) | AT R foree (%)
The app was easy to use 2.94 14.70 11.76 29.41 41.17
The‘app provides useful infor- 0 8.82 2352 38.23 2041
mation
The app contributed to clinical 11.76 14.70 4411 2058 8.82

decision-making
I will use this app again 0 5.88 29.41 44.11 20.58

I recommend using this app at the
next marathon event

0 0 11.76 52.94 35.29

As Table 4 reveals, the majority of staff (41.17%) strongly agreed that the app was
simple to use while running a marathon. The app’s capacity to provide useful infor-
mation was confirmed by 38.23% of staff members, choosing ‘agree’ for the related
section, as opposed to only 8.82% of staff strongly agreeing that the app could con-
tribute to clinical decision-making. However, as regards the sections ‘re-using the
app’ and ‘recommending the app for the next marathon event’ no staff members
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marked ‘strongly disagree’, showing that they preferred using the app and suggesting
it for a future running race, with 44.11% and 52.94%, respectively.

Table 5. Examples from open response questions regarding the mobile application

Positive feedback about the application:

Very easy to use and helpful

Great, it can display the personal healthcare data easily

The application can prevent the runner in case of emergency

Negative feedback about the application:

The concept of application is useful but I could not find the health information when I scanned the
QR code

The app is great but I just didn’t have time to use it out during patient care.

The application was great but in case of emergency t no one is going to open the application. As a
medical staff, I think most of the staff members tend to act by instinct.

Specific feedback for technical improvement:

I use android mobile phone, it was quite slow

Sometimes the GPS in the application is not accurate

Some versions of androids cannot work properly

4.2 Discussion

This study proposed and implemented a mobile application to provide clinical de-
cision support for marathon events. We also tested the application on a large number
of participants, using it at the CMU marathon 2020 event with 9721 runners. The data
generated by the registration phase were useful for preparing the capacity of medical
staff and the AED equipment including the definition of the number of ambulances.
However, the runners reported that the health history form during the registration of
the marathon event was quite long and made them feel stressed and some runners
decided to input incorrect information because they preferred to finish this task as
soon as possible. The mobile application was reported to be useful and helpful by the
medical staff,making them feel confident in case of advice giving or a runner accident
during the event.

As shown in the Table 5, in terms of positive feedback regarding the mobile appli-
cation, users stated that the app was simple and capable of giving various useful in-
formation. Moreover, the app was excellent at thoroughly providing personal
healthcare data and could help runners avoid emergency situations.

On the contrary, the app received several negative feedback responses from users.
The app did not always display the health information for users when they scanned
the QR code. Additionally, they did not have time to open and use the app when expe-
riencing an emergency situation, assuming that the staff tend to act instinctively.

As far as specific feedback on technical improvement is concerned, Android mo-
bile phone users mentioned that the app was relatively slow and sometimes could not
function properly. They also reported that the GPS in the app was not always precise.
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5 Conclusion & future work

Marathon is becoming more and more well-known as an individual sport since
many people become concerned of their well-being and health. A lot of marathoners,
however, experience an emergency during the race, leading to injuries or, in the worst
case, deaths. To prevent such incidents, in this study, we developed an applications
for the safety and health competence of the emergency assistance for runners. We
tested the applications and collected information about runners’ medical and health
information in the CMU Marathon 2020 (https://www.cmu-marathon.com/).

The results of this study suggest that our proposed application can be generally ac-
cepted by the medical staff, and it can also provide the technology to prevent serious
accidents in future marathon events. We conducted our study during the CMU Mara-
thon 2020 event, utilizing the9,761 records of the participating runners. We believe
that this study provides an example for the better understanding of the effectiveness of
applications designed for the improvement of medical care of marathon participants.

In the future, we intend to continue collecting information at more running events
and develop the Runner's CPR Data Input Mobile Application with no limitations in
order to accurately and quickly present runners’ health information.
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9 Appendix A: Health history form

Gender: O Male O Female

Age: ...l

1. Weight: ...............oo... 2. Height: ...................

Part 1: Basic Health Information

3. Do you have chronic illnesses? O Yes ONO

Check any conditions you have had:

O High blood pressure O Diabetes

O Hyperlipidemia O Asthma

O Emphysema O Ischemic heart disease

O Other conditions related to heart disease O Kidney disease

O Cerebrovascular disease O Other conditions related to
cerebrovascular disease

O Epilepsy O I've never had a health check-up

O Other major diseases: .....................

O I had been treated, but a doctor had suspended the treatment

O I had been treated but did not go see a doctor regularly

4. Have you had any of these symptoms during rest or activities? (Check more than
one item)

O Chest tightness, pain in the neck and jaws O fainting O swollen feet or legs O
fatigue lying down

5. Have your family members’ medical histories had a sudden cardiac arrest or
died of an unknown cause?

OYes ONo
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Part 2: Running race experiences

1. How long have you been running? ...........

2. How many times have you participated in a half-marathon race? ...........
3. How many times have you participated in a full-marathon race? ...........
4. How long did you run in a week? ..........

Part 3: Knowledge and understanding of basic life support (BLS)

1. Have you ever had basic life support (BLS) training?

O Yes O No

2. How prepared and confident are you to help if a runner has a cardiac arrest?
(10 points)
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