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Abstract: Background: Cycling is a very demanding physical activity that may create various health
disorders during an athlete’s career. Recently, smart mobile and wearable technologies have been
used to monitor physiological responses and possible disturbances during physical activity. Thus,
the application of mHealth methods in sports poses a challenge today. This study used a novel
mobile-Health method to monitor athletes’ physiological responses and to detect health disorders
early during cycling in elite athletes. Methods: Sixteen high-level cyclists participated in this study,
which included a series of measurements in the laboratory; health and performance assessments;
and then application in the field of mHealth monitoring in two training seasons, at the beginning
of their training period and in the race season. A field monitoring test took place during 30 min
of uphill cycling with the participant’s heart rate at the ventilatory threshold. During monitoring
periods, heart rate, oxygen saturation, respiratory rate, and electrocardiogram were monitored via
the mHealth system. Moreover, the SpO2 was estimated continuously, and the symptoms during
effort were reported. Results: A significant correlation was found between the symptoms reported
by the athletes in the two field tests and the findings recorded with the application of the mHealth
monitoring method. However, from the pre-participation screening in the laboratory and from the
spiroergometric tests, no abnormal findings were detected that were to blame for the appearance of
the symptoms. Conclusions: The application of mHealth monitoring during competitive cycling is a
very useful method for the early recording of cardiac and other health disorders of athletes, whose
untimely evaluation could lead to unforeseen events.

Keywords: mHealth; tele-monitoring; cycling; health disorders

1. Introduction

Acute health disorders, such as musculoskeletal injuries, cardiovascular events, etc.,
may occur during long-distance competitive cycling due to prolonged strenuous exercise
and sometimes environmental conditions [1]. Health disorders are more common in young
athletes and particularly at the beginning of the training season [2]. This highly demanding
sport discipline often leads to dehydration that can be further followed by hypotension;
decreased coordination; fatigue; and, in some cases, fainting episodes [3]. More severe
events attributed to cycling include arrhythmias, hypoxia, hypoglycemia, hyperventilation,
and inappropriate dyspnea [4–9].

During a sports competition in real time, e-health monitoring is beneficial for deter-
mining the athlete’s response to the load of the exercise; assessing fatigue; and minimizing
the risk of injury, cardiac problems, and other disorders [10,11]. Conventional measures of
exercise load include power output, speed, time-motion analysis, global positioning system
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(GPS) parameters, and accelerometer-derived parameters [11,12]. Moreover, monitoring
some hemodynamic responses, the cardiac rhythm, respiratory and metabolic indices, body
temperature, and other settings is essential for safe exercise [10,11]. Smart mobile devices
and wearable technologies are becoming increasingly useful for monitoring athletes’ phys-
ical activity and health disorders in sports. The World Health Organization has defined
mHealth as the “use of mobile and wireless technologies to support the achievement of
health objectives”. Mobile health (mHealth)-related applications are popular in health and
fitness, according to recent studies [13,14]. However, there is a lack of continuous and
comprehensive measurement of physiological parameters during cycling by such methods
in elite athletes [15]. The application of such methods in competitive cycling is a challenge
because of the sport’s characteristics.

The present study aimed to evaluate the application of a novel mobile telemetric
procedure to monitor elite cyclists’ physiological parameters during strenuous cycling to
detect health disorders that may appear or evolve during exercise in two training periods.

2. Materials and Methods

Sixteen high-level male cyclists aged 18–33 years from cycling clubs in Northern
Greece with the best ranking participated in the study. Cyclists are ranked by the Greek
Cycling Federation according to their position in domestic competitions (national and
local championships, cups, inter-club competitions, cycling rounds) and abroad (Olympic
Games and world championships, international rounds, Mediterranean and Balkan cham-
pionships) on track, road, and mountain terrain. The design of the study included a series
of measurements in the laboratory and then the application of the mHealth monitoring
method in the field in two training seasons: firstly, at the beginning of the training cy-
cle (November), and secondly at the end of the preparation period (during competition
season—May and June). All measurements were taken in the morning (between 09:00 and
11:00 a.m.), while athletes abstained from alcohol and coffee at least 24 h before the tests.
All the athletes were healthy, as evidenced by their history and the pre-participation health
screening that took place in the Sports Medicine Laboratory of the Aristotle University
of Thessaloniki; were not taking any medications; and completed the informed consent
form. The University Ethics Committee approved the study protocol following the Helsinki
Declaration for human research.

2.1. Laboratory Measurements

Participants were asked to fill in a pre-participation medical history questionnaire
(including demographic, training, personal, and family medical history data). Then,
anthropometric measurements (weight and BMI by FORA TN’G, Moorpark, CA, USA)
and physical examinations were performed. Moreover, glucose measurement (Easy2Check
Card Guard) and resting 12-lead electrocardiograms (ECG-PMP SelfCheck ECG Card
Guard, Rehovot, Israel) were carried out. Finally, a maximal cardiopulmonary exercise
test (CPET) via a breath-by-breath gas analyzing system (Ultima Series Med Graphics,
Saint Paul, MN, USA) was contacted on a Seca Cardiotest 100 cycle ergometer, (Vogel &
Halke Gmbh & Co, Hamburg, Germany). They performed the following maximal ramp
exercise protocol until exhaustion: preheating (5 min at 100 W and 3 min at 150 W); test
(3 min at 200 W, 3 min at 250 W); and then an increase of 25 W every minute to exhaustion.
The pedaling speeds used were 80 to 90 ramp per minute. The athletes’ maximal oxygen
consumption (VO2 max), maximal heart rate (HR max), and ventilator threshold (VT) were
obtained. The HR at the VT point (HRVT) was also detected. All the pre-participation data
were transferred to the previously generated electronic file for each cyclist. The exercise
test was repeated before the second monitoring procedure.

2.2. mHealth Monitoring Procedure

The e-health system architecture, provided by Vidavo SA, a Greek e-Health company,
was composed of four parts (Figure 1): (1) four sensors, suitable for a secure biomedical
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wireless transmission, mounted in a specific wearable belt (Vidavo SA, Zephyr BioHarness,
Annapolis, MD, USA), placed on each cyclist’s chest under the papilla; (2) a receptor
on-board to a Smartphone, where an embedded software allowed the pre-processing of
acquired body sensor data. The Android Studio, which was the official IDE for Android
development, and included everything someone needed to build Android apps, was used
to build the software. In addition, some features were designed: the acquisition of data via
Bluetooth, view of these data, control of the sensors, signaling the presence of noise; (3) a
mobile Smartphone (Google Nexus S Android 4.0 operating system, Mountain View, CA,
USA), which had GPS and Bluetooth connection managing the real-time data transmitting
with the receptor and a GSM for real time data transmitting to the server; (4) a Linux based
data server (laptop computer—Samsung Galaxy Book, Suwon, South Korea) oriented to
store, process, and manage all data. Pilot studies of the mHealth system were performed
before the study to check its reliability.
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Within a week after the pre-participation examination, the cyclists were tested in the
field. The field training test included 30 min of strenuous uphill cycling at each athlete’s
HRVT after a warm up of 10 min of low-intensity straight path cycling. Perceived exertion,
using Borg scale, speed, cadence, and heart-rate measurement via a monitoring system,
was used to measure their effort during field training to maintain the desired level of
cycling intensity. During cycling, each athlete’s ECG (1-lead), heart rate, temperature, and
respiratory rate were recorded via the sensors. Simultaneously, SpO2 was recorded by
a wireless pulse oximeter (OxyPro, Card Guard, Neuhausen am Rheinfall, Switzerland)
placed on each athlete’s wrist and connected to the cover on the top of the finger. While
recording, all available data were automatically transferred through the mobile phone,
which was in the pocket of every cyclist, to the car escort’s laptop and stored in the
electronic file of each cyclist. Moreover, at rest and at the end of each monitoring test, blood
pressure (Omron M7 Intelli IT Comfort, Hoofddorp, Netherlands), glucose (Easy2Check
Card Guard, Rehovot, Israel), and hemoglobin levels (Hemosmart Apex Biotechnology
Corporation, Hsinchu City, Taiwan) were measured and simultaneously transferred to the
athlete’s e-file. The same monitoring test was repeated at the end of the racing period. In
case of a technical problem, such as the inability to communicate between the sensors and
the mobile phone, the measurement was repeated the next day, as happened in one case.

A primary target of the study was to assess the data quality issues on our mHealth
monitoring. Thus, the data collection rate, performance of body sensors, quantity of data
to be pre-processed and transferred (i.e., respecting data quote), as well as the quality
of communication were evaluated. During the field effort, the participants were asked
to report any of the experienced exercise-related symptoms, such as fatigue, dyspnea,
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inappropriate tachycardia, and dizziness. The reported symptoms were also automatically
noted in the electronic file of each athlete. For the accurate evaluation of the m-health
system measurements’ quality, the results of the two field monitoring tests and the athletes’
symptoms were correlated with the data from the pre-participation screening and the
corresponding spiroergometric estimations (VO2max) in the laboratory.

Descriptive statistics were used to describe categorical variables. Continuous variables
were expressed as mean ± SD. The Shapiro–Wilk test was used for testing the normality of
all data. The differences between values registered during the two testing periods were
evaluated using the paired sample t-test. Relationships between categorical variables were
tested using the Chi- Square statistic. For statistical analysis, the SPSS statistical program
(Social Package for Social Sciences, Chicago, IL, USA, version 20.0) was used. A p < 0.05
was accepted as statistically significant.

3. Results

All 16 cyclists participated in all phases of the study. However, six athletes in each
field training test interrupted their effort, due to the appearance of abnormal findings in
mHealth monitoring. These were added in the results. All the cyclists had at least 5 years of
racing experience, and they were trained more than five times per week. The demographic
characteristics and the training habits of the participants are listed in Table 1. The data from
the two maximal cardiopulmonary exercise tests, as well as from the two field monitoring
tests, are presented in Tables 2 and 3.

Table 1. Cyclists’ demographic and training history data.

Age (years) 24.1 ± 4.5
Weight (Kg) 76.0 ± 6.9
Height (cm) 179.3 ± 5.2

BMI 23.3 ± 1.5
Years of training (years) 5.6 ± 1.9

Frequency of training (times/week) 5.3 ± 0.9
Heart rate at rest (b/min) 56.2 ± 5.5

Systolic blood pressure at rest (mm/Hg) 125.8 ± 8.4
Diastolic blood pressure at rest (mm/Hg) 73.8 ± 10.0

Table 2. Results of the two maximal cardiopulmonary exercise tests.

Physiological Parameters Beginning of Training Period Racing Season

Heart Rate at rest (b/min) 71.4 ± 6.5 68.6 ± 8.7
Systolic Blood Pressure at rest (mm/Hg) 126.8 ± 7.1 125.8 ± 6.5
Diastolic Blood Pressure at rest (mm/Hg) 76.6 ± 9.4 75.7 ± 7.8

Heart Rate max (b/min) 195.7 ± 9.6 195.4 ± 10.0
Systolic Blood Pressure max (mm/Hg) 195.4 ± 6.4 194 ± 3.9
Diastolic Blood Pressure max (mm/Hg) 72.6 ± 2.9 71.8 ± 2.3

Time to fatigue (min) 11.69 ± 1.8 13.72 ± 1.3 *
Max Power (Watts) 354.7 ± 46.7 403.1 ± 30.1 *

HRVT (b/min) 176.6 ± 8.7 175.6 ± 9.6
VO2max (mL/kg/min) 55.4 ± 5.3 63.4 ± 6.9 *

HRVT: Heart rate at the ventilatory threshold; VO2max: maximal oxygen consumption. * p < 0.05.

From the first continuous field monitoring of cyclists’ physiological parameters, three
cases of athletes’ peripheral capillary oxygen saturation of 88.5% were detected who also
reported dyspnea, two cases of hypotension were detected who reported dizziness, and one
case of paroxysmal supraventricular tachycardia was detected who reported palpitations
at the beginning of the training period. Moreover, in the training period, field monitoring
detected two athletes with hypotension appearing dizzy, two athletes with SpO2 90% who
reported dyspnea, and two athletes with extrasystoles in ECG describing palpitations
(Figure 2).
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Table 3. Results of the two field monitoring tests.

Physiological Parameters
Start of the Training Period Racing Season

Rest Max Rest Max

Systolic Blood Pressure (mm/Hg) 131.2 ± 8.8 148.3 ± 13.6 130.8 ± 7.5 147.5 ± 8.3
Diastolic Blood Pressure (mm/Hg) 77.8 ± 9.4 76.3 ± 6.3 78 ± 8.5 77.8 ± 8.7

Heart Rate (b/min) 68.4 ± 6.4 165.6 ± 6.6 67.8 ± 6.2 163.6 ± 8.4
Hemoglobin (g/dL) 15.4 ± 1.5 14.5 ± 1.4 a 15.2 ± 1.3 14.7 ± 1.2 b

Hematocrit (%) 46.2 ± 4.5 43.4 ± 4.1 a 45.5 ± 3.8 44.2 ± 3.8 b

Glucose (mg/dL) 105.3 ± 8.4 100.7 ± 8.6 a 99.8 ± 6.4 c 94.8 ± 5.7 b

Oxygen saturation 99.1 ± 0.7 96.4 ± 0.6 a 98.7 ± 0.7 c 96.9 ± 0.8 b

a p < 0.05 between rest and max in the preparation period; b p < 0.05 between rest and max in the racing season;
c p < 0.05 between rest in the preparation period and in the racing season.
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Figure 2. Percentage of athletes that reported health related symptoms during the two monitoring field tests.

One cyclist who developed hypotension was the same with a similar finding on the
first measurement, an athlete who had a feeling of pallor had shown it during the initial
evaluation, and an athlete with dyspnea had a decrease in O2 saturation during the first
procedure. There were no correlations between the above findings and the medical history,
clinical screening, and laboratory evaluation of the athletes. Specifically, the athletes with
the abnormal symptoms from e-health monitoring do not have different values in VO2 max
in comparison with the rest. All the athletes reported positive feedback for applying the
e-health monitoring system, which gave them a feeling of security. All the athletes reported
that the system was easy to use, and did not cause them problems in their movement. All
the vital signs recorded via the monitoring system were legible, without noises.

4. Discussion

The present study results show that the mHealth monitoring system could effectively
and quickly detect health disorders during strenuous cycling training. This leads to a timely
cessation of the athlete’s effort to prevent possible dangerous incidents. At the beginning
of the racing season, training adaptations allowed the better management of the training
load and less frequent health-related problems. Observed physiological changes were not
significant, due to the elite level of the included cyclist and their long-term involvement
in sport.

e-Health monitoring, a modern approach in ambulatory health disorder detection
and management of an athlete or a patient during exercise effort, has demonstrated the
potential for considerable clinical utility in sports medicine [10]. Among other benefits,
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it provides ease of use; is relatively inexpensive; and is highly effective in supporting
the diagnosis of various cardiac, metabolic, musculoskeletal, and other complications,
especially those appearing during strenuous exercise [11]. A monitoring system based on
an e-Health sensor board has been implemented before; it provides follow-up on athletes
and measures vital physiological parameters [10–12]. In recent decades, many e-Health
systems and applications have been developed in sports [10–12,16,17]. The devices in this
class of monitoring can be divided into three categories: wearable-based, ambient-based
(i.e., sensor-based approach), and camera-based (i.e., vision-based approach) [18]. Wearable
detection approaches use sensors, such as accelerometers and gyroscopes, to detect and
measure motion, location, and posture by measuring acceleration and orientation [19].
Ambient detection approaches use devices, such as pressure sensors, for movement de-
tection [20]. They also rely on audio and vibration data analysis. The camera and vision
detection approach, implemented in video tracking systems, relies on video data process-
ing, such as activities in extreme conditions [21]. Wearable sensors have been embedded
into watches, shirts, belts, etc. Such sensors provide real-time physiological information
related to the health condition of the monitored subject. Various biosensors are used, such
as electrocardiography sensors (ECG) used to monitor cardiac activity, electroencephalog-
raphy sensors (EEG) used to monitor brain activity, electromyography sensors (EMG) used
to monitor muscle activity, and electrooculography sensors (EOG) used to monitor eye
movements [11,12]. Pulse oximeters are used to measure the oxygen level of the blood
(i.e., oxygen saturation), while plethysmography sensors (EPG) are used to monitor the
rate of blood flow [22]. Other biomedical parameters can also be evaluated using CO2
gas sensors to evaluate gaseous carbon dioxide levels to monitor respiration. Bluetooth
communications were integrated to link the system to commercial medical devices for
measuring blood pressure, blood glucose levels, etc. [11]. Data can be generated based on
three event types: constant, interval, or instant [23]. Constant events ensure that data are
continuously transmitted. The wearable sensors and mobile devices gathered biological
signals and were connected to a personal digital assistant. The assistant held and processed
biological signals and communicated with a computer server for additional processing,
such as database services.

A number of smart e-platforms have been proposed to monitor a lot of events in
cycling [24–26]. The feedback provided by these platforms is however not sufficient in
real-time efforts. Recently, the CONAMO project (CONtinuous Athlete MOnitoring), which
combined the Wireless Personal-Area Network (WPAN) technology, widely used in cycling
and the 6TiSCH network, has provided a dynamic, real-time, and reliable novel sensing
system that can be used for covering cycling events, in amateur or professional cycling [25].
Gaidos and dos Sandos [26] designed and developed a system of mobile-Health monitoring
and training for cyclists. The hardware application contained sensors for heart rate, oxygen
percentage, speed, distance, time, and room temperature, during and after the training.

Our proposed mHealth monitoring system is very similar to many modern applica-
tions existing in smartphones. Using various sensors allowed exercising users to perform
personal health checks based on their vital signs sent from sensors to the assistant. It can
measure four parameters via biosensors (one lead ECG, heart rate, temperature, and respi-
ratory rate) and the other four parameters (SPO2, blood pressure, glucose, and hemoglobin
levels) by e-health application devices. Besides, it uses security to send the information and
it could be implemented in teams of cyclists due to its easy scalability and cost-effectiveness.
For the sports industry, wearable technology will always have extensive research in the
microcontroller, power management of integrated circuits, and how sensor signal condi-
tioning occurs. When these three are defined, the compatibility of sensory elements can
be known for a required application, such as our mHealth system. Compared with other
mobile health systems, our system has some advantages; it has a user-friendly operation
process and lightweight on-body monitoring sensors. The physiologic parameters are
measured by a wearable belt-like sensor and recorded by an Android smartphone via a
specific software program, offering a real-time response for the abnormal situation. Such
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approaches provide several quality criteria to qualify data, such as accuracy, complete-
ness, timeliness, relevance, legibility, accessibility, and usefulness [27]. In the previous
studies [24,25] the sensors provided real-time feedback about the cyclists’ heart rate and
heart rate training zones only, helping to coach and improving cycling experience and
performance. The strength of our study was to investigate a wearable mHealth system
to monitor a lot of physiological parameters of cyclists during intensive and strenuous
training, in order to detect any health disorders early that may appear or progress during
a race competition which demands an extreme body and mind effort. In comparison
to a similar e-monitoring system for cyclists of Gaidos and Santos [26], there are some
differences regarding the architecture of the mobile system as well as the ability to measure
certain parameters. They monitored the saturation of oxygen; ambient temperature; and
speed, distance, and altitude of the athlete. In addition, using the Karvonen formula,
the maximum and minimum heart rate training range was calculated. Other researchers
used a similar smart phone-based sensor interface technology to monitor some biological
signals, specifically heart rate and body temperature during cycling, as well as riding and
geographical information [28]. One of the results of the mHealth system developed in
this project is the additional specialized examination of athletes that can lead to deeper
insights, which are currently analyzed manually with wide margins of error. The results
of biomedical information led to the conclusion that the developed system can be used to
significantly increase speed and improve the quality and accuracy of monitoring during
exercise. Finally, its management through the cloud facilitates its integration across plat-
forms. Regarding data collection, the frequency of receiving data plays an essential role in
overall system performance.

Continuous field monitoring during the two field tests revealed arrhythmias, hy-
potension, and hypoxemia, which were confirmed by the athletes’ reported symptoms.
Vigorous physical activity in susceptible individuals activates specific mechanisms that
can lead to serious cardiac events [29,30] with cycling being the sporting activity with the
highest number of adverse cardiac events according to a study by Vicent et al. [31]. Addi-
tionally, demanding endurance events followed by electrolyte imbalance and increased
sympathetic activation in some cases can lead to transit myocardial ischemia and repo-
larization changes which are the ground base of severe arrhythmias [29]. Recent research
by Breedt [1] and Killops et al. [4] concluded that medical complaints in cycling predomi-
nantly refer to sustained injuries which are followed by cardiovascular symptoms with the
incidence of life-threatening medical encounters of 0.5 per 1000 athletes. Our study data
showed that symptoms of increased fatigue and tachycardia appeared more commonly
at the beginning of the training season indicating that the telemetric monitoring of elite
cyclists should be considered from the start of the macrocycle. These performance-related
and detraining-induced self-reported symptoms of fatigue and palpitations can be ex-
plained with literature data on injury and illnesses in armature cyclists [32,33]. Namely,
these two studies showed that medical covering of recreational cycling events should
consider heat, fatigue, and abdominal-related non-traumatic injuries. Dyspnea registered
in our cyclists also at the beginning of the training season correlates with data from the
study by McGrath et al., who found asthma and other respiratory-related symptoms to
form 25% of all reported illnesses during mountain cycling events [34]. The results of
the two CPETs also confirmed the high performance of our study’s participants, since
the accomplished VO2max was above 55.4 mL/kg/min during the first assessment and
63.4 mL/kg/min during the second. These values are in agreement with the study by Buck
and McNaughton [35], who found an average VO2max of 57.5 mL/kg/min in high-level
cycling athletes. Notably, the above abnormal findings during mHealth monitoring at the
fields were not expected, since the pre-participation screening of the cyclists at baseline
did not reveal any pathological condition. Most of the athletes that had symptoms in their
first attempt on the field had reappearing symptoms during their second effort. The above
highlights the system’s usefulness in the early detection of disorders during the intense
exercise of “healthy” athletes. However, we should emphasize that we were strict in our
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decision to interrupt the effort in some athletes with mild symptoms, because our primary
concern in this experimental study was to assess the sensitivity of the mHealth system.
Furthermore, our study data confirm the conclusion of a study on the medical coverage
of cycling events that emphasizes the importance of communication systems between
individual medical staff, race officials, and local emergency medical services [36].

The results of our study should be interpreted in light of some limitations. The main
limitation is that only males and high-level cyclists participated in the study. Moreover,
continuous monitoring was applied during an experimental strenuous cycling effort and
not during a competitive cycling race, considering that the race-related stress may pose an
additional health risk.

5. Conclusions

In conclusion, the use of the novel described mHealth monitoring system in sports
such as cycling was a feasible and usable method. Such monitoring during competitive
cycling is an advantageous method for the early recording of cardiac and other health
disorders of athletes, whose untimely evaluation could lead to unforeseen events.

Author Contributions: Conceptualization, A.I., D.D., M.P., K.C., E.J.K. and A.P.D.; Formal analysis,
A.I., M.T., D.D. and M.P.; Investigation, A.I.; Methodology, M.P., K.C. and E.J.K.; Supervision, E.J.K.
and A.P.D.; Validation, K.C., E.J.K. and A.P.D.; Writing—original draft, A.I. and M.T.; Writing—
review & editing, M.T., D.D. and E.J.K. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Ethics Committee of Aristotle University
(Approval number EC-10/2020, Thessaloniki, 27 February 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy of included athletes.

Conflicts of Interest: The authors and the company declare no conflict of interest.

References
1. Breedt, M.; Janse van Rensburg, D.C.; Fletcher, L.; Grant, C.C.; Schwellnus, M.P. The Injury and Illness Profile of Male and Female

Participants in a 94.7 Km Cycle Race: A Cross-Sectional Study. Clin. J. Sport Med. Off. J. Can. Acad. Sport Med. 2019, 29, 306–311.
[CrossRef]

2. Helzer-Julin, M. Sun, Heat, and Cold Injuries in Cyclists. Clin. Sports Med. 1994, 13, 219–234. [CrossRef]
3. Powers, S.K.; Dodd, S.; Lawler, J.; Landry, G.; Kirtley, M.; McKnight, T.; Grinton, S. Incidence of Exercise Induced Hypoxemia in

Elite Endurance Athletes at Sea Level. Eur. J. Appl. Physiol. 1988, 58, 298–302. [CrossRef] [PubMed]
4. Killops, J.; Schwellnus, M.; Janse van Rensburg, D.C.; Swanevelder, S.; Jordaan, E. Medical Encounters, Cardiac Arrests and

Deaths during a 109 Km Community-Based Mass-Participation Cycling Event: A 3-Year Study in 102,251 Race Starters—SAFER
IX. Br. J. Sports Med. 2020, 54, 605. [CrossRef] [PubMed]

5. Serrano Ostariz, E.; López Ramón, M.; Cremades Arroyos, D.; Izquierdo Álvarez, S.; Catalán Edo, P.; Baquer Sahún, C.; Legaz Arrese,
A. Post-Exercise Left Ventricular Dysfunction Measured after a Long-Duration Cycling Event. BMC Res. Notes 2013, 6, 211. [CrossRef]
[PubMed]

6. Woodward, A.; Tin Tin, S.; Doughty, R.N.; Ameratunga, S. Atrial Fibrillation and Cycling: Six Year Follow-up of the Taupo Bicycle
Study. BMC Public Health 2015, 15, 23. [CrossRef] [PubMed]

7. Jordaens, L.; Missault, L.; Pelleman, G.; Duprez, D.; De Backer, G.; Clement, D.L. Comparison of Athletes with Life-Threatening
Ventricular Arrhythmias with Two Groups of Healthy Athletes and a Group of Normal Control Subjects. Am. J. Cardiol. 1994, 74,
1124–1128. [CrossRef]

8. Endo, M.Y.; Shimada, K.; Miura, A.; Fukuba, Y. Peripheral and Central Vascular Conductance Influence on Post-Exercise
Hy-potension. J. Physiol. Anthropol. 2012, 31, 32. [CrossRef] [PubMed]

9. Felig, P.; Cherif, A.; Minagawa, A.; Wahren, J. Hypoglycemia during Prolonged Exercise in Normal Men. N. Engl. J. Med. 1982,
306, 895–900. [CrossRef]

10. Deligiannis, P.; Deligiannis, A.-S.; Kouidi, E. Trends in E-Health Monitoring Implementation in Sports. Sport Prav. 2011, 41, 34–37.
[CrossRef]

http://doi.org/10.1097/JSM.0000000000000517
http://doi.org/10.1016/S0278-5919(20)30365-3
http://doi.org/10.1007/BF00417266
http://www.ncbi.nlm.nih.gov/pubmed/3220070
http://doi.org/10.1136/bjsports-2018-100417
http://www.ncbi.nlm.nih.gov/pubmed/31371337
http://doi.org/10.1186/1756-0500-6-211
http://www.ncbi.nlm.nih.gov/pubmed/23706119
http://doi.org/10.1186/s12889-014-1341-6
http://www.ncbi.nlm.nih.gov/pubmed/25604001
http://doi.org/10.1016/0002-9149(94)90464-2
http://doi.org/10.1186/1880-6805-31-32
http://www.ncbi.nlm.nih.gov/pubmed/23249623
http://doi.org/10.1056/NEJM198204153061503
http://doi.org/10.1007/s12534-011-0172-9


Int. J. Environ. Res. Public Health 2021, 18, 4788 9 of 9

11. do Nascimento, L.M.S.; Bonfati, L.V.; Freitas, M.L.B.; Mendes Junior, J.J.A.; Siqueira, H.V.; Stevan, S.L. Sensors and Systems for
Physical Rehabilitation and Health Monitoring—A Review. Sensors 2020, 20, 4063. [CrossRef] [PubMed]

12. Skarbalius, A.; Vidunaite, G.; Kniubaite, A.; Reklaitiene, D.; Simanavicius, A. Importance of Sport Performance Monitoring for
Sports Organization. Transform. Bus. Econ. 2019, 18, 279–303.

13. Dallinga, J.; Janssen, M.; van der Werf, J.; Walravens, R.; Vos, S.; Deutekom, M. Analysis of the Features Important for the Effectiveness
of Physical Activity-Related Apps for Recreational Sports: Expert Panel Approach. JMIR MHealth UHealth 2018, 6, e143. [CrossRef]
[PubMed]

14. Gorski, M.A.; Mimoto, S.M.; Khare, V.; Bhatkar, V.; Combs, A. Real-Time Digital Biometric Monitoring during Elite Athletic
Competition: System Feasibility with a Wearable Medical-Grade Sensor. Digit. Biomark. 2021, 5, 37–43. [CrossRef] [PubMed]

15. Kolsung, E.B.; Ettema, G.; Skovereng, K. Physiological Response to Cycling With Variable versus Constant Power Output. Front.
Physiol. 2020, 11, 1098. [CrossRef]

16. Samaras, T.; Karavasiliadou, S.; Kouidi, E.; Sahalos, J.N.; Deligiannis, A. Transtelephonic Electrocardiographic Transmission in
the Preparticipation Screening of Athletes. Int. J. Telemed. Appl. 2008, 2008, 217909. [CrossRef]

17. Kouidi, E.; Farmakiotis, A.; Kouidis, N.; Deligiannis, A. Transtelephonic Electrocardiographic Monitoring of an Outpatient
Cardiac Rehabilitation Programme. Clin. Rehabil. 2006, 20, 1100–1104. [CrossRef]

18. Mubashir, M.; Shao, L.; Seed, L. A Survey on Fall Detection: Principles and Approaches. Neurocomputing 2013, 100, 144–152.
[CrossRef]

19. Seshadri, D.R.; Li, R.T.; Voos, J.E.; Rowbottom, J.R.; Alfes, C.M.; Zorman, C.A.; Drummond, C.K. Wearable Sensors for Moni-toring
the Internal and External Workload of the Athlete. NPJ Digit. Med. 2019, 2, 71. [CrossRef]

20. Uddin, M.Z.; Khaksar, W.; Torresen, J. Ambient Sensors for Elderly Care and Independent Living: A Survey. Sensors 2018, 18,
2027. [CrossRef]

21. Jung, S.; Cho, Y.; Kim, D.; Chang, M. Moving Object Detection from Moving Camera Image Sequences Using an Inertial
Measurement Unit Sensor. Appl. Sci. 2020, 10, 268. [CrossRef]

22. Castaneda, D.; Esparza, A.; Ghamari, M.; Soltanpur, C.; Nazeran, H. A Review on Wearable Photoplethysmography Sensors and
Their Potential Future Applications in Health Care. Int. J. Biosens. Bioelectron. 2018, 4, 195–202. [CrossRef]

23. Chen, Y.-C.; Peng, W.-C.; Lee, S.-Y. Mining Temporal Patterns in Time Interval-Based Data. IEEE Trans. Knowl. Data Eng. 2015, 27,
3318–3331. [CrossRef]

24. De Brouwer, M.; Ongenae, F.; Daneels, G.; Municio, E.; Famaey, J.; Latré, S.; De Turck, F. Personalized Real-Time Monitoring of
Amateur Cyclists on Low-End Devices; ACM Press: New York, NY, USA, 2018; pp. 1833–1840.

25. Municio, E.; Daneels, G.; De Brouwer, M.; Ongenae, F.; De Turck, F.; Braem, B.; Famaey, J.; Latré, S. Continuous Athlete Mon-itoring
in Challenging Cycling Environments Using IoT Technologies. IEEE Internet Things J. 2019, 6, 10875–10887. [CrossRef]

26. Gaidos Rosero, O.F.; Santos, I. Mobile System of Monitoring and Training Cyclists with Smartphone. In VI Latin American Congress
on Biomedical Engineering CLAIB 2014, Paraná, Argentina 29, 30–31 October 2014; Springer: Cham, Switzerland, 2015; Volume 49,
pp. 59–62. ISBN 978-3-319-13116-0.

27. Aroganam, G.; Manivannan, N.; Harrison, D. Review on Wearable Technology Sensors Used in Consumer Sport Applications.
Sensors 2019, 19, 1983. [CrossRef]

28. Lee, Y.; Jeong, J. Design and Implementation of Monitoring System Architecture for Smart Bicycle Platform. Procedia Comput. Sci.
2018, 134, 464–469. [CrossRef]

29. Wundersitz, D.; Williamson, J.; Nadurata, V.; Nolan, K.; Lavie, C.; Kingsley, M. The Impact of a 21-Day Ultra-Endurance Ride on
the Heart in Young, Adult and Older Adult Recreational Cyclists. Int. J. Cardiol. 2019, 286, 137–142. [CrossRef] [PubMed]

30. Thompson, P.D.; Franklin, B.A.; Balady, G.J.; Blair, S.N.; Corrado, D.; Estes, N.A.M.; Fulton, J.E.; Gordon, N.F.; Haskell, W.L.;
Link, M.S.; et al. Exercise and Acute Cardiovascular Events Placing the Risks into Perspective: A Scientific Statement from the
American Heart Association Council on Nutrition, Physical Activity, and Metabolism and the Council on Clinical Cardiology.
Circulation 2007, 115, 2358–2368. [CrossRef] [PubMed]

31. Vicent, L.; Ariza-Solé, A.; González-Juanatey, J.R.; Uribarri, A.; Ortiz, J.; López de Sá, E.; Sans-Roselló, J.; Querol, C.T.; Codina, P.;
Sousa-Casasnovas, I.; et al. Exercise-Related Severe Cardiac Events. Scand. J. Med. Sci. Sports 2018, 28, 1404–1411. [CrossRef]
[PubMed]

32. Roi, G.S.; Tinti, R. Requests for Medical Assistance during an Amateur Road Cycling Race. Accid. Anal. Prev. 2014, 73, 170–173.
[CrossRef]

33. Pommering, T.L.; Manos, D.C.; Singichetti, B.; Brown, C.R.; Yang, J. Injuries and Illnesses Occurring on a Recreational Bicycle
Tour: The Great Ohio Bicycle Adventure. Wilderness Environ. Med. 2017, 28, 299–306. [CrossRef]

34. McGrath, T.M.; Yehl, M.A. Injury and Illness in Mountain Bicycle Stage Racing: Experience from the Trans-Sylvania Mountain
Bike Epic Race. Wilderness Environ. Med. 2012, 23, 356–359. [CrossRef] [PubMed]

35. Buck, D.; McNaughton, L.R. Changing the Number of Submaximal Exercise Bouts Effects Calculation of MAOD. Int. J. Sports
Med. 1999, 20, 28–33. [CrossRef] [PubMed]

36. Martinez, J.M. Medical Coverage of Cycling Events. Curr. Sports Med. Rep. 2006, 5, 125–130. [CrossRef] [PubMed]

http://doi.org/10.3390/s20154063
http://www.ncbi.nlm.nih.gov/pubmed/32707749
http://doi.org/10.2196/mhealth.9459
http://www.ncbi.nlm.nih.gov/pubmed/29914863
http://doi.org/10.1159/000513222
http://www.ncbi.nlm.nih.gov/pubmed/33791447
http://doi.org/10.3389/fphys.2020.01098
http://doi.org/10.1155/2008/217909
http://doi.org/10.1177/0269215506071256
http://doi.org/10.1016/j.neucom.2011.09.037
http://doi.org/10.1038/s41746-019-0149-2
http://doi.org/10.3390/s18072027
http://doi.org/10.3390/app10010268
http://doi.org/10.15406/ijbsbe.2018.04.00125
http://doi.org/10.1109/TKDE.2015.2454515
http://doi.org/10.1109/JIOT.2019.2942761
http://doi.org/10.3390/s19091983
http://doi.org/10.1016/j.procs.2018.07.182
http://doi.org/10.1016/j.ijcard.2019.03.016
http://www.ncbi.nlm.nih.gov/pubmed/30904280
http://doi.org/10.1161/CIRCULATIONAHA.107.181485
http://www.ncbi.nlm.nih.gov/pubmed/17468391
http://doi.org/10.1111/sms.13037
http://www.ncbi.nlm.nih.gov/pubmed/29237243
http://doi.org/10.1016/j.aap.2014.08.010
http://doi.org/10.1016/j.wem.2017.06.002
http://doi.org/10.1016/j.wem.2012.05.003
http://www.ncbi.nlm.nih.gov/pubmed/22687583
http://doi.org/10.1055/s-2007-971087
http://www.ncbi.nlm.nih.gov/pubmed/10090458
http://doi.org/10.1097/01.CSMR.0000306301.80201.3d
http://www.ncbi.nlm.nih.gov/pubmed/16640947

	Introduction 
	Materials and Methods 
	Laboratory Measurements 
	mHealth Monitoring Procedure 

	Results 
	Discussion 
	Conclusions 
	References

