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Abstract. This study employed the systematic literature review to investigate to what extent digital smart wearable technology was
used in measuring VO2MAX to support athlete performance and public health. To achieve the goal, data were obtained from articles
searched through Google Scholar. The search was conducted in September 2024 using the following keywords: (Smart Wearable OR
Wearable Technology AND VO2MAX OR VO2 Max OR Cardiorespiratory Fitness AND Athlete Performance OR Sports Perfor-
mance OR Athletic Performance AND Public Health OR General Population OR Health Monitoring). The articles were selected by
considering predetermined inclusion and exclusion criteria. For example, to be included in this review, the articles should be published
in Scopus-indexed journals. Additionally, the publication period should be from 2019 to 2024. Based on this timeframe, 1,110 articles
were found. Furthermore, they were screened again in multiple stages, and 16 articles that fit the theme and met the inclusion require-
ments were selected. During the article selection, this study followed the PRISMA guidelines. The results confirmed that wearable
technology played an important role in athlete performance optimization through real-time monitoring of VO2MAX. The device
enables exercise adjustments based on metrics such as heart rate and diurnal variations, which can improve exercise effectiveness and
reduce the risk of injury. Interestingly, it also contributes significantly to improving public health by promoting active lifestyles, mon-
itoring health parameters, and supporting self-health management, especially for the elderly and individuals with chronic diseases.
Nonetheless, technical challenges, such as measurement accuracy, data synchronization issues, and user education needs, must be ad-
dressed for wearables to be optimally utilized. With proper development, wearable technology has great potential to improve athlete
performance and public health.

Keywords: Role, Digital Technology, Smart Wearable, VO2MAX, Athlete Performance, Public Health

Resumen. Este estudio utilizo la revision sistematica de la literatura para investigar el papel de la tecnologia digital inteligente portatil
en la medicion VO2MAX para apoyar el rendimiento de los atletas y la salud puablica. Los datos se obtuvieron de articulos buscados a
traves de Google Scholar. La blisqueda se centré en los publicados en revistas indexadas en Scopus publicadas en 2019 - 2024. Las
revistas se seleccionaron teniendo en cuenta criterios de inclusion y exclusion. La basqueda se realizo en septiembre de 2024 utilizando
las palabras clave: (Smart Wearable OR Wearable Technology AND VO2MAX OR VO2 Max OR Cardiorespiratory Fitness AND
Athlete Performance OR Sports Performance OR Athletic Performance AND Public Health OR General Population OR Health Mon-
itoring). A partir de la blisqueda en el marco temporal 2019-2014, se encontraron 1.110 articulos. Ademas, se revisaron de nuevo en
varias etapas y se obtuvieron 16 articulos que se ajustaban al tema y cumplian los requisitos de inclusion. Durante la seleccion de
articulos, este estudio siguio las directrices PRISMA. Se lleg6 a la conclusion de que la tecnologia vestible desempefa un papel impor-
tante en la optimizacion del rendimiento de los atletas a través de la monitorizacion en tiempo real del VO2MAX, lo que permite
realizar ajustes del ejercicio basados en métricas como la frecuencia cardiaca y las variaciones diurnas, que pueden mejorar la eficacia
del ejercicio y reducir el riesgo de lesiones. Ademas, los wearables también contribuyen significativamente a mejorar la salud piblica
mediante la promocion de estilos de vida activos, el seguimiento de los parametros de salud y el apoyo a la autogestion de la salud,
especialmente para la poblacion de edad avanzada y las personas con enfermedades cronicas. No obstante, para que los wearables se
utilicen de forma Optima, es necesario resolver problemas tecnicos como la precision de las mediciones y la sincronizacion de los datos,
asi como las necesidades de formacion de los usuarios. Con un desarrollo adecuado, la tecnologia vestible tiene un gran potencial para
mejorar el rendimiento de los deportistas y la salud piblica en general.

Palabras clave: Funcion, tecnologia digital, wearable inteligente, VO2MAX, rendimiento del deportista, salud piblica.
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Introduction

Digital technology, particularly wearable devices, has
undergone rapid development and has brought a significant
impact on sports and public health. One innovation that
stands out is its ability to monitor various physiological pa-
rameters in real time, including VO2MAX. VO2MAX is an
indicator of a person's maximal aerobic capacity. With these
technological advancements, VO2MAX measurement has
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become easier and more accurate, providing great benefits
to athletes and individuals looking to improve their cardio-
vascular health (Hines et al., 2023; Sivaraman, 2019), es-
pecially when it is powered by the Internet of Things (IoT).
With [oT integration, data collected from wearable devices
can be analyzed in real-time, allowing users to gain better
insight into their physical condition. This is especially im-
portant in sports, where constant monitoring can assist ath-
letes in planning and adjusting their training programs to

Retos, nimero 61, 2024 (diciembre)



2024, Retos, 61, 1534-1545

© Copyright: Federacién Espaniola de Asociaciones de Docentes de Educacién Fisica (FEADEF) ISSN: Edicién impresa: 1579-1726. Edicion Web: 1988-2041 (https:/ /recyt.fecyt.es/ index.php / retos/ index)

achieve optimal performance. Further, Hines et al. (2023)
emphasized that wearables are important in addressing
health disparities and increasing public trust in health tech-
nology. By providing objective and accessible data, these
devices can assist individuals in self-monitoring their health,
increasing participation in physical activity and overall pub-
lic health.

In sports, VO2MAX measurement plays a crucial role
in optimizing athlete performance. With accurate and con-
tinuous data, coaches and athletes can design more effective
and measurable training programs. Smart wearable devices
make it easy to collect data without interrupting training
activities. The devices allow real-time strategy adjustments
to achieve peak performance (Firdaus et al., 2023; Silva et
al., 2023). Silva et al. (2023) showed that wearable devices
can assist in monitoring changes in physical fitness parame-
ters, including VO2MAX, which is particularly important
in exercise during the COVID-19 pandemic when the re-
search took place. In addition, Firdaus et al. (2023) con-
firmed that an intervention using sports drinks combined
with training can increase the VO2MAX of soccer athletes,
suggesting that the combination of proper nutrition and the
use of wearable technology can have a positive impact on
athlete performance. Similarly, Michaelides et al. (2021)
found that a structured pre-season training program can im-
prove the aerobic fitness of professional football players,
with a significant increase in VO2MAX during that training
period. This suggests that by utilizing data from wearable
devices, coaches can adjust the intensity and type of training
to achieve optimal results. The data obtained from wearable
devices allows coaches to make better decisions regarding
training programs that suit the individual needs of athletes.

In addition to the benefits mentioned above, Lorenzoni
etal. (2020) documented that wearable devices can be used
to monitor physical activity in patients undergoing medical
procedures, such as aortic valve replacement. Their study
highlighted the validity of wearables in monitoring physical
recovery, which may provide new insights into the clinical
management of patients. With the ability to monitor
VO2MAX and other physiological parameters, these de-
vices can assist clinicians in tailoring therapies and interven-
tions based on patients' individual needs. In addition, wear-
able technology has become an invaluable tool in improving
public health by making it easier for individuals to monitor
their cardiovascular fitness. With the increasing awareness
of the importance of health, these devices encourage a more
active and healthier lifestyle. Research by Aripradono
(2021), for example, shows that wearable technology can
assist individuals in receiving notifications and monitoring
their physical activity in real-time. This instant notification
contributes to improved fitness and disease prevention. In a
broader context, Krisna (2020) emphasized that geospatial
technologies, including wearables, can be used to map the
spread of diseases and assist in public health interventions.

However, while there are many benefits, the use of
wearables also faces challenges. For instance, a study by
Wang et al. (2023) on consumer acceptance of wearable

-1535-

devices shows that product attributes, such as comfort and
case of use, strongly influence the adoption of this technol-
ogy. If wearables are uncomfortable or difficult to use, us-
ers may not utilize them to their full potential, which may
reduce the effectiveness of monitoring VO2MAX and other
health parameters. In addition, technical challenges such as
synchronization issues and measurement accuracy also need
to be considered. Pires et al. (2021) found that wearable
devices often have problems accurately detecting changes in
heart rate, especially in high-stress situations. Besides, Gag-
non et al. (2022) showed that the accuracy of wearable de-
vices in detecting changes in heart rate can vary, especially
under high-stress conditions, which can affect the reliability
of the data obtained. Guk et al. (2019) also noted that alt-
hough wearable devices are increasingly popular in health
monitoring, the accuracy of the data collected can vary de-
pending on the type of device and the user's condition.
These inaccuracies can affect health decisions made based
on such data, making it important to continuously improve
measurement technologies and methodologies. In addition,
disparities in access to technology are also a challenge that
needs to be addressed. Lewis et al. (2020) noted that while
wearable devices are increasingly common, access to these
technologies is still limited for some populations, especially
in resource-limited areas. Another major concern is related
to privacy and security issues related to health data. Users
need to be assured that their personal data is protected and
not misused (Dunn et al., 2018; Mone & Shakhlo, 2023).
Therefore, it is important for coaches and athletes to under-
stand the limitations of this technology and combine data
from wearables with traditional measurement methods to
get a more accurate picture of the athlete's fitness.

As such, wearable technology brings significant benefits
to public health by making it easier for individuals to moni-
tor their cardiovascular fitness and encourage a more active
lifestyle. With the increasing awareness of the importance
of health, these devices are becoming effective tools in dis-
ease prevention and health promotion (Najikh & Suki-
hananto, 2023; Timur et al., 2020). Despite its challenges,
the utilization of accurate and real-time data can assist indi-
viduals and communities in achieving their health goals.

Indeed, research on human movement has touched on
many areas. For example, some popular studies
investigated the achievement of physical education learning
outcomes (Martono et al., 2024; Komari et al., 2024a;
Komari et al., 2024b; Septiantoko et al., 2024; Suyato et
al., 2024; Widiyanto et al., 2024; Putro et al., 2024;
Harmanto etal., 2024; Zulbahri etal., 2024; Susanto et al.,
2024a), motor development (Susanto et al., 2024; Susanto
etal., 2024), physical education or sport health and fitness
(Widiyanto et al., 2024a; Widiyanto et al., 2024b;
Syaukani et al., 2024; Pranoto, et al., 2024; Astuti et al.,
2024; Wayoi et al., 2024; Akhmad et al., 2024), law and
sports (Ardiyanto et al., 2024; HB et al., 2024a; HB et al.,
2024b), sports communication (Charlina et al., 2024), ac-
tive lifestyle with exercise (Tafuri et al., 2024a), interval
training and physiological (Latino et al., 2024a), circuit
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training programme (Tafuri et al., 2024b; Tafuri et al.,
2024c; Latino et al., 2024b; Latino et al., 2024c; Adirahma
et al., 2024), injury risk on sports (Anam et al., 2024a;
Fahrosi et al., 2024), endurance training and physiological
(Latino et al., 2024c), therapeutic sports (Zanada et al.,
2024), movement skills (Susanto et al., 2023; Anam et al.,
2024b; Pranoto et al., 2024), and sports training and
performance (Kurniawan et al., 2024; Susanto et al.,
2024), curriculum and management of physical education
learning (Mardiyah et al., 2024a; Yani et al., 2024;
Mardiyah et al., 2024b), and the management of sports ed-
ucation and archery (Hamsyah et al., 2024; Mulyanti et al.,
2024; Setyawan et al., 2023a; Setyawan et al., 2023b;
Setyawan et al., 2024a; Setyawan et al., 2024b; Destriani
et al., 2024), students' motor skills (Sayekti et al., 2024),
and adaptive physical education (Susanto et al., 2024b)
Despite the wealth of existing research on the above
topics, there is still a lack of scientific research on the role
of digital smart wearable technology in VO2MAX measure-
ment to support athlete performance and public health. The
lack of research on this topic may hinder understanding, re-
search findings and scientific development in the field.
Thus, it is important to conduct studies related to this topic
by thoroughly reviewing the existing literature. Therefore,
the present study aims to explore the role of digital smart

wearable technology in VO2MAX measurement to support
athlete performance and public health. It focuses on review-
ing (1) the role of wearables in optimizing athlete perfor-
mance, (2) the use of wearables for public health, and (3)
the challenges of the device in VO2MAX. The focus of the
review on several aspects is carried out in order to obtain
findings and solutions to some of the existing problems.

Materials & Methods

This study employed a systematic literature review
method by identifying, evaluating, and interpreting the re-
sults of relevant research articles. It was conducted with a
comprehensive strategy by searching articles in research
journal databases. The search took place in September 2024
using the keywords: Smart Wearable OR Wearable Tech-
nology AND VO2MAX OR VO2 Max OR Cardiorcspira—
tory Fitness AND Athlete Performance OR Sports Perfor-
mance OR Athletic Performance AND Public Health OR
General Population OR Health Monitoring. In this study,
inclusion and exclusion criteria were applied. To be in-
cluded in the review, the articles must be published in Sco-
pus-indexed journals. In addition, the publication period
was limited between 2019-2024. The complete list of in-
clusion and exclusion criteria are shown in Table 1 below:

Table 1.
Inclusion and exclusion criteria
Criterion Inclusion Exclusion
Period Journals published in 2019 - 2024 Journals published outside 2019-2024
Indexed Scopus-indexed international journal Non-Scopus-indexed international journal
Access Open access Close access (Subscription)
Language English language journal Non-English language journal
Article Type Original research article and review article Conference proceedings, book, book chapter, book series, editorial, etc.
Full Text Articles fulfill the scope/topic of research Articles do not fit the scope/topic of the research

The article's content is relevant to the theme of the role of digital

The article's content is not relevant to the theme of the role of digital

Topic of Discussion smart wearable technology in VO2MAX measurement to support ath- smart wearable technology in VO2MAX measurement to support athlete

lete performance and public health.

performance and public health.

Based on the above criteria, this study generated 1,110
articles from an international journal indexing database,
Scopus. Furthermore, these articles undertook several
stages of the screening process, and 16 articles that fit the
theme and met the inclusion requirements were selected.
During the article selection, this study followed the "Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses" (PRISMA) guidelines. These guidelines are ex-
pected to produce systematic literature review reports that
are more transparent, complete, and accurate, thus facili-
tating evidence-based decision-making (Page et al., 2021).
The article selection with the PRISMA method is illustrated

in As shown in Figure 1.
Results

This section presents the findings of a comprehensive
literature review on the role of digital smart wearable tech-
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nology in VO2MAX measurement to support athlete per-
formance and public health. Detailed results are shown in

Table 2.
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Figure 1. PRISMA flowchart of the article selection process
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Table 2.

Literature Review Results

Author

Study objectives

Main Findings

(Helgerud et
al., 2022)

Research Objective: The study aims to evaluate the accuracy of
using a smartphone application, Myworkout GO, to predict
maximal oxygen consumption (VO2max) from submaximal ex-

ercise.

Research Findings: The results demonstrated that the Myworkout GO application
predicted VO2max with high accuracy, showing no significant difference compared to
directly measured VO2max. The application's predictions were highly correlated with

the direct measurements (R? = 0.97). The standard error of the estimate was low

(2.2 mL/kg/min), making this method reliable for both men and women across dif-

ferent age groups.

(Browne et

Research Objective: The study evaluates the effectiveness of
using a wearable biometric ring combined with guided feedback
to improve sleep quality and physical fitness over a 12-month
period.

Research Findings: The results showed that participants in the intervention group
significantly improved their sleep onset latency, daily step count, time spent jogging,
VO2max, and heart rate variability during the first three months of the study. The
long-term feedback group continued to see these improvements throughout the 12-
month period, while the short-term feedback group maintained most gains without
further guidance. These findings suggest that the use of wearable biometric devices,
coupled with personalized feedback, can lead to sustained improvements in sleep and
physical fitness behaviors.

al., 2021)
(Knaier et
al., 2019)

Research Objective: The diurnal variations in maximal oxygen
uptake (VO2max) are investigated among athletes. These
variations are compared to observe the day-to-day fluctuations
in VO2max.

Research Findings: The results indicated that the diurnal variations in VO2max were
significantly larger than the day-to-day variations, with diurnal changes being more
than twice as large. While the study did not find a consistent time of day when all
athletes achieved their VO2max peak, individual differences in performance were

notable, with VO2max peak occurring at different times for different athletes.
Furthermore, chronotype had a significant influence on the time of VO2max peak,

but habitual training time showed little effect. These findings underscore the

importance of considering diurnal variations in athletic performance for both

competitive events and research settings.

(Juarez et

al., 2024)

Research Objective: The objective of this research is to explore
the role of cardiopulmonary exercise testing (CPET) when as-
sessing and managing patients with heart failure. CPET is ana-
lyzed as a diagnostic tool for measuring the dynamic interactions
between the cardiovascular, respiratory, and metabolic systems
during exercise.

Research Findings: The findings revealed that CPET was a highly valuable tool in
heart failure management, providing detailed insights into a patient's exercise capacity
and overall cardiovascular health. Key parameters, such as peak oxygen uptake (VO2)

and the VE/VCO?2 slope, were shown to have strong prognostic value, with lower
VO2 and higher VE/VCO?2 slopes correlating with poorer patient outcomes. The
study also highlighted that advances in wearable technology can further assist in track-
ing cardiopulmonary health in everyday activities, offering real-time data that can im-
prove individualized patient care and intervention strategies.

(Nayor et
al., 2021)

Research Objective: This study aims to evaluate the relationship
between different types of physical activity (PA), such as
moderate-vigorous physical activity (MVPA), steps per day, and
sedentary time with cardiorespiratory fitness in a community-
dwelling population.

Research Findings: The results demonstrated a clear association between increased
physical activity, especially MVPA, and improved cardiorespiratory fitness, as
indicated by higher peak VO2 levels. Specifically, participants who increased their
MVPA or steps per day over the observation period showed significant improvements
in fitness, while reduced sedentary time was also beneficial. These findings suggest
that even small increases in physical activity can lead to meaningful improvements in
fitness and potentially lower cardiovascular risk, highlighting the importance of
promoting active lifestyles in the community.

(Pakhomov
etal., 2020)

Research Objective: This study assesses whether consumer-
wearable devices, such as Fitbit, can be effectively used to mon-
itor physiological responses to psychosocial stress in real-world

settings.

Research Findings: The study found that wearable devices, specifically Fitbit, success-
fully detected elevated heart rates during stressful events, such as exams and other
self-reported stressors. On average, heart rates increased by 8.9 beats per minute

during exams, aligning with known physiological stress responses. These findings sup-

port the potential use of consumer-grade wearables for large-scale stress monitoring,
offering a scalable, non-intrusive method for assessing stress exposure and physiologi-

cal TESPOHSES in everyday environments.

(Drent etal.,
2020)

Research Objective: The objective of this study is to evaluate
the impact of continuous activity monitoring using an electronic
activity tracker (AT) on exercise performance and fatigue lev-
els. The study examined sarcoidosis patients who had been
given the aforementioned intervention and those who had not
received any treatment in a control group.

Research Findings: The findings indicated that sarcoidosis patients wearing an AT
showed significant improvements in exercise performance and reductions in fatigue
compared to the control group. Patients with coaching exhibited greater enhance-
ments in exercise capacity over time, as demonstrated by the Steep Ramp Test results
and VO2max values. Specifically, patients with coaching showed an increase in exer-
cise capacity (A20.2 £ 33.8 watts) compared to those without coaching (A5.7 + 26.4
watts). These results suggest that the use of an AT, especially when combined with
personal coaching, can be an effective strategy to encourage physical activity and re-

duce fatigue in sarcoidosis patients.

(Pope et al.,
2019)

Research Objective: The objective of this 12-week pilot ran-
domized trial is to investigate the feasibility and initial effective-
ness of combining Polar M400 smartwatch use with a twice-
weekly Social Cognitive Theory (SCT) and Self-Determination
Theory (SDT) based Facebook-delivered health education inter-
vention to improve college students' physical activity (PA) and
dietary behaviors.

Research Findings: The study found that while both intervention methods were feasi-
ble and generated interest among college students, there was no significant advantage
of combining the smartwatch with the health education intervention compared to the
standalone health education intervention. Both groups showed small increases in
moderate-to-vigorous physical activity (MVPA) and decreases in daily caloric con-
sumption. However, the experimental group reported challenges with the Polar
M400 smartwatch, such as syncing issues and device size, which may have limited its
effectiveness. These results suggest that theoretically-based, social media-delivered
health education alone may be sufficient for promoting health behavior changes in this

population.

(Haglo etal.,
2021)

Research Objective: The study aims to evaluate the effectiveness
of self-administered high-intensity interval training (HIIT) ses-
sions for patients with inflammatory rheumatic diseases (IRDs).
Participants will complete 4x4 minute HIIT sessions guided by
the smartphone app Myworkout GO. The objective is to deter-
mine whether a self-guided approach can yield similar improve-
ments in maximal oxygen uptake (VO2max) and health-related

Research Findings: The study found that both the app-guided and supervised groups
demonstrated significant improvements in VO2max, with no meaningful difference
between the groups. Increases in VO2max were 3.6 mL/kg/min for the supervised
group and 3.7 mL/kg/min for the app-guided group. Both groups also showed im-

provements in HRQoL in areas such as bodily pain, vitality, and social functioning.
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quality of life (HRQoL) compared to traditional, supervised
HIIT sessions.

These results suggest that self-administered HIIT using a smartphone app can effec-
tively improve cardiovascular health and quality of life in IRD patients, similar to su-
pervised training.

Research Objective: The objective of this study is to determine

(Brickwood if wearable activity trackers (ATs), supported by either profes-

etal., 2021) sional feedback or telephone counseling (TC), can help older

adults maintain physical activity levels and health outcomes over
a 12-month period.

Research Findings: The results showed that both the AT and TC groups successtully
maintained their daily step counts over the 12-month intervention, while the usual
care (UC) group saw a significant decrease in activity levels. Specifically, the AT
group maintained step counts with a mean reduction of 588 steps, and the TC group
with a reduction of 79 steps, compared to a significant drop of 981 steps in the UC
group. The findings suggest that ATs can be as effective as TC for maintaining physical
activity, providing a potentially cost-effective method to support long-term exercise
adherence in older adults.

Research Objective: The purpose of this study is to evaluate the
test-retest reliability and examine both mean and individual re-

(Succi etal., sponses for measuring maximal oxygen consumption (VO2max)

Research Findings: The study found that the CPET and the verification phase demon-

strated "excellent" test-retest reliability for measuring VO2max in healthy, physically
active women. It was reported that both had intraclass correlation coefficients (ICCs)

above 0.96. No significant difference was observed between the highest VO2max val-
ues obtained from the CPET and the verification phase, suggesting that the verifica-
tion phase may not be necessary for confirming VO2max in this population. Individ-
ual analysis showed that only a few subjects exceeded the minimal difference thresh-

old for VO2max between tests, indicating that the use of group mean data alone

could misrepresent individual variability. These findings support the potential utility

of MD as a criterion for assessing true changes in VO2max across training or interven-

tions.

2023) in physically active women during a cardiopulmonary exercise
test (CPET) and a subsequent verification phase on cycle er-
gometry.
Research Objective: The purpose of this study is to examine the
(Park & (ll—llflflc(;;nt cffl'ctcts ﬁﬁt\vclcrl ?igh—;’r:c::ity intc?'lz;}{;ardio )'o(%é
nd traditional interv: /' n rdi-
Yang, 2023) ( )a aditional interval hatha yoga ( ) on ca

ometabolic fitness, energetic contributions, and metabolic flexi-
bility in physically active adults.

Research Findings: The study found that after a 4-week intervention, participants in
the HIICY group demonstrated significantly improved cardiometabolic fitness. This
finding was evidenced by higher increased maximal oxygen uptake (VO2max), better
metabolic flexibility, and enhanced energetic contributions compared to the TIHY
group. Specifically, HIICY significantly improved oxidative capacity and reduced reli-
ance on glycolytic energy, making it a time-efficient method to improve fitness in rel-
atively healthy individuals.

Research Objective: This study assesses the accuracy and relia-
bility of a Fitbit Versa 2 in detecting heart rate (HR) variations
caused by psychological stress. The study compared the HR

Gagnon et . .
(Gag measurements of the Fitbit device to a gold-standard electrocar-

1., 2022
al., 2022) diogram (ECG) during a controlled laboratory environment.

The data were collected by having participants take psychologi-
cal stress testing using the Trier Social Stress Test.

Research Findings: The results showed that while the Fitbit Versa 2 demonstrated ac-
ceptable accuracy in detecting short-term HR variations caused by psychological
stress, there was poor agreement with the ECG measurements, particularly during
high-stress phases. The Fitbit was more accurate during relaxed conditions but lost ac-
curacy under stressful conditions. These findings indicate that although Fitbit devices
can measure HR changes due to stress, they are not a substitute for ECGs in high-pre-
cision contexts.

Research Objective: The study aims to investigate how chrono-

type influences VO2 max performance in university students at

(Khan etal.,
2023)

different times of the day. Specifically, it examines the VO2
max of chronotypes during morning and evening hours to deter-
mine whether the time of day significantly affects cardiovascular
endurance.

Research Findings: The findings revealed that morning-type students performed sig-
nificantly better in the morning, while evening-type students showed better perfor-
mance in the evening. There was no significant difference in VO2 max between the
two chronotypes at the same time of day, but a trend showed that morning types had
better VO2 max in the morning, while evening types performed better in the even-
ing. This suggests that endurance training should consider individual chronotypes and
optimal times for exercise sessions.

Research Objective: The study examines the validity of wrist-
worn accelerometers in estimating daily energy expenditure
(TEE) and their ability to detect changes in TEE due to long-

(Kinnunen et . L
term training. It also evaluates whether combining accelerome-

al., 2019)

ters with heart rate monitors improves the estimation accuracy
for energy expenditure during both aerobic and resistance train-

ing.

Research Findings: The results showed that wrist-worn accelerometers alone ex-
plained 62%-78% of the variation in TEE compared to the doubly labeled water
(DLW) method. However, combining accelerometer data with heart rate monitoring
improved the accuracy, explaining up to 85% of the variation. The wearable devices
effectively tracked training-induced changes in energy expenditure, confirming their
validity for long-term use in physical activity assessments.

Research Objective: The objective of this study was to investi-
gate the effects of the time of day (TOD) on physical perfor-
mance and physiological responses during a 10-kilometer self-

paced cycling time trial (TT10km).

(Souissi et

al., 2022)

Research Findings: The study found that participants performed significantly better in
the evening, with faster completion times and higher intra-aural temperatures (IAT)
compared to the morning. Additionally, physiological markers such as oxygen uptake
(VO2), blood lactate concentration ([La]), and glucose levels ([Glu]) were higher in
the evening trials. These findings suggest that core temperature and metabolic re-
sponses play a key role in the improved cycling performance observed in the evening,

confirming the existence of diurnal variation in self-paced endurance exercise.

Discussion

The purpose of this systematic literature review is to in-
vestigate the role of digital smart wearable technology in
VO2MAX measurement to support athlete performance
and public health. As argued earlier, wearable technologies,
such as smartwatches and biometric rings, have gained pop-
ularity these days and have become important tools in meas-
uring VO2MAX, which is a key indicator of acrobic capac-
ity and cardiovascular health. Helgerud et al. (2022)
showed an example of such digital technology called the My
Workout GO app. Their study revealed that the app could
predict VO2MAX with high accuracy, with a coefficient of
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determination R? of 0.97 and a standard error of estimation
of 2.2 mL/kg/min. These results suggest the method used
in the app is reliable and applicable to men and women of
different age groups (Helgerud et al., 2022). Another ex-
ample of digital smart wearable technology was provided by
Browne et al. (2021). Their study supported the use of bi-
ometric rings combined with targeted feedback, where par-
ticipants using these devices experienced significant im-
provements in sleep quality, daily step count, jogging time,
VO2MAX, and heart rate variability after 12 months
(Browne etal., 2021). This confirms that wearable technol-
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ogy not only provides accurate data but also serves as a mo-
tivating tool for users to improve their overall lifestyle and
health.

Expanding on the role of wearable technology in
VO2MAX assessment, recent studies highlight two major
themes: the benefits of wearable technology in real-time
health monitoring and the reliability of traditional
VO2MAX measurement methods. First, Juarez et al.
(2024) highlighted the importance of wearable technology
in providing real-time data on cardiopulmonary health, es-
pecially for patients with heart failure conditions. This data
allows healthcare professionals to conduct more effective
monitoring and provide timely interventions (Juarez et al.,
2024). According to Taufik (2023), wearable technology
has opened up new opportunities in proactive health man-
agement through more comprehensive monitoring. How-
ever, while these technologies offer practicality and imme-
diacy, traditional measurement methods remain important
due to their reliability. Rasal et al. (2022), for example,
found that the six-minute walk test and the Chester step test
provided VO2MAX estimates closely aligned with direct
measurements, suggesting these methods serve as practical
alternatives (Rasal et al., 2022). Similarly, Chung and Lee
(2022) confirmed that three traditional exercise tests they
evaluated had significant correlations with direct VO2MAX
measurements in Korean adults, further validating tradi-
tional methods across diverse populations. (Chung & Lee,
2022).

In addition, the ability of wearable devices to provide
real-time data offers users an effective tool for monitoring
and managing their physical progress. Browne et al. (2021)
showed that participants who used biometric rings and re-
ceived targeted feedback experienced significant improve-
ments in VO2MAX and heart rate variability, suggesting
that wearables also serve as powerful motivational tools.
Similarly, Juarez et al. (2024) emphasized how real-time
data from wearables can improve the effectiveness of health
interventions, especially for cardiovascular conditions.
However, as Nascimento et al. (2024) noted, cardiopulmo-
nary testing remains the gold standard for assessing cardio-
vascular health and should be considered along with data
from wearable technology for a more comprehensive pic-
ture.

Overall,
VO2MAX measurement by providing real-time, accurate

wearable  technology has transformed
data and personalized feedback. Existing studies consist-
ently show that the combination of wearable technology
and traditional measurement methods provides more com-
prehensive results in health and fitness monitoring. There-
fore, integration between the two is necessary to improve
health management and prevent cardiovascular discases
more effectively. As the significance of wearable technology
continues to grow, it is essential to explore its multifaceted
impact, particularly regarding athlete performance optimi-
zation, public health benefits, and the challenges that ac-
company its use. The following sections will delve into
these three critical aspects.
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The Role of Wearables in Athlete Performance Op-
timization

Wearable technology now plays a bigger role in athlete
performance, particularly in monitoring VO2MAX and un-
derstanding the effects of diurnal variation and chronotype
on athlete capabilities. Knaier et al. (2019) identified that
diurnal variation in VO2MAX was more significant than
daily variation, with diurnal changes being more than dou-
ble that of fluctuations between days. This finding highlights
the importance of timing in determining athletic perfor-
mance, where individuals may reach peak performance at
different times of the day. In addition, they also found that
chronotype, i.c., a person's natural preference for morning
or evening activities, had a significant impact on the timing
of peak VO2MAX performance. Meanwhile, the usual
training time did not have a significant effect. Other re-
search (Purnomo et al., 2020) supports these findings, un-
derscoring that understanding chronotype is critical to op-
timizing the most effective training time.

Furthermore, Khan et al. (2023) emphasized the im-
portance of considering chronotype in exercise planning.
They found that morning-type students had better
VO2MAX performance in the morning, while evening-type
students had better performance in the afternoon. This in-
dicates that tailoring training schedules to an individual's
chronotype can improve training effectiveness. Ghurri et al.
(2020) also stated that this understanding can be key for
coaches in developing more specific and effective training
programs. By using wearable technology, coaches can mon-
itor athletes' performance metrics in real time, providing
the ability to set training schedules that are tailored to the
physiological needs of each athlete.

Another evidence was shown by Souissi et al. (2022).
They demonstrated that physical performance in endurance
sports, such as the 10-kilometer bike test, was better at
night than in the morning. They found that oxygen con-
sumption, blood lactate levels, and body temperature in-
creased during evening training sessions, suggesting that
this time is more conducive to optimal performance in en-
durance sports. Wahyuni et al. (2023) support these find-
ings by adding that training at night may be more beneficial
for endurance athletes. The use of wearable technology al-
lows coaches and athletes to monitor these changes and ad-
just training schedules to better suit the physiological read-
iness of the athlete at any given time.

Interestingly, wearable technology is not only limited to
monitoring performance metrics but also provides person-
alized feedback, which can improve training results. For ex-
ample, wearables that measure heart rate variability, sleep
patterns, and recovery time can help athletes optimize
training loads and recovery strategies. Scholars emphasize
that this personalized approach is important because it al-
lows athletes to tailor their training programs based on each
individual's unique physiological responses, which can ulti-
mately improve performance and reduce the risk of injury
(Irfan & Kasman, 2021). Mubarok and Kharisma (2021)
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also noted that data from wearables can aid better commu-
nication between athletes and coaches, where coaches can
provide immediate feedback and make real-time exercise
adjustments. Thus, wearable technology is useful not only
in monitoring performance metrics but also in optimizing
training time based on physiological variables such as diur-
nal variation and chronotype. The integration of wearable
technology in training allows for a more personalized and
adaptive approach, which will ultimately improve training
effectiveness and athlete performance outcomes.

The Role of Wearables for Public Health

In addition to affect sports performance, scholars have
recognized the significant role of wearable technology in
improving public health. One example of the device's effect
on health is promoting active lifestyles and monitoring var-
ious health parameters. Nayor etal. (2021) showed that in-
creasing physical activity, such as moderate-vigorous physi-
cal activity (MVPA) and daily steps, is closely related to im-
proving cardiorespiratory fitness as measured through
VO2MAX. Their findings suggest that individuals who in-
crease MVPA or reduce sedentary time experience signifi-
cant improvements in fitness, which may lower cardiovas-
cular risk. Hong (2023) then asserted that this relationship
underscores the potential of wearables in motivating indi-
viduals to be more physically active, thus contributing to
better health outcomes at the community level. Therefore,
wearables can be an important tool in public health strate-
gies to encourage physical activity. In conclusion, wearables
can increase physical activity and cardiorespiratory fitness,
reducing the risk of cardiovascular disease.

Besides promoting physical activity, wearables are es-
sential in monitoring physiological responses to stress.
Studies demonstrated that devices such as Fitbit can effec-
tively detect physiological responses to stress, such as in-
creased heart rate during stressful situations like exams.
This capability positions wearables as a non-invasive tool for
stress monitoring, which can be integrated into mental and
physical health interventions at the community level.
(Pakhomov et al., 2020). Furthermore, Robinson et al.
(2023) added that by providing real-time data on stress lev-
cls, wearables can help individuals manage their stress more
effectively, potentially improving mental well-being. Thus,
wearables offer a practical solution for stress monitoring
and management in everyday life.

Wearable devices were also reported to have a noticea-
ble effect on the elderly. The device significantly helped
them maintain stable physical activity levels over a 12-
month period (Elkefi & Asan, 2022). Their research sug-
gests that wearables can serve as an effective and cost-effec-
tive tool to support long-term physical activity, especially
in populations that may be at risk of becoming sedentary
(Elkefi & Asan, 2022). Similarly, Brickwood et al. (2021)
added that these devices can be an effective tool in support-
ing long-term physical activity among older adults. This is
particularly relevant in an aging population, where main-
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taining physical activity is crucial for overall health and qual-
ity of life. Therefore, wearables have great potential to sup-
port the health of older adults through increased physical
activity.

In addition, integrating wearable technology into public
health initiatives can increase the effectiveness of health pro-
motion strategies. Liverani et al. (2022) stated that the use
of wearables can facilitate personalized health interventions
by providing customized feedback based on an individual's
activity level and health metrics. Furthermore, Hodambia
(2023) emphasized that the potential of wearables to collect
and analyze large amounts of health data can inform public
health policies and interventions. With this data-driven
approach, health authorities can identify trends and pat-
terns in physical activity and health outcomes, enabling
more targeted and effective public health strategies
(Hodambia, 2023). In conclusion, wearables can be an im-
portant tool in health data collection to support more ef-
fective public health policies and interventions.

Wearable devices are also evidenced to affect chronic
disease management by monitoring health conditions and
promoting self-management among patients. Studies
mentioned that individuals with chronic diseases can use
wearables to track vital signs and other health metrics, al-
lowing them to manage their conditions more effectively
and communicate relevant information to healthcare pro-
viders (Kang & Exworthy, 2022). This continuous moni-
toring could lead to timely interventions and better health
outcomes, ultimately reducing the burden on the
healthcare system (Ferguson et al., 2020). Nevertheless,
itis important to address potential barriers when adopting
wearable technology in public health. Ferguson et al.
(2020) also highlighted that factors such as affordability,
technological literacy, and privacy concerns may hinder
the widespread use of wearables among certain popula-
tions. Therefore, public health initiatives should focus on
educating communities about the benefits of wearable
technology and providing resources to overcome these
barriers. Wearables can improve chronic disease manage-
ment and health equity if these barriers are handled well.

In short, wearable technology holds significant prom-
ise for improving public health by promoting active life-
styles, monitoring health parameters, and facilitating
chronic disease management (Hodambia, 2023; Liverani
etal., 2022).

The integration of wearables in public health strategies
can lead to improved health outcomes, increased partici-
pation in health promotion behaviors, and better resource
allocation. Nevertheless, it is important to ensure that it
remains accessible and beneficial to all segments of the
population. When this issue can be addressed, wearables
have the potential to be a key component in future public
health improvement efforts.

Challenges of Wearable Use in VO2ZMAX

As argued earlier, the use of wearable technology in
VO2MAX measurement and health monitoring not only of-
fers many benefits but also poses significant challenges. The
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challenges are particularly related to healthcare and perfor-
mance. For example, Drent et al. (2020) found that sar-
coidosis patients using activity tracker (AT) devices experi-
enced significant improvements in exercise capacity and re-
ductions in fatigue, especially when combined with coach-
ing and personalized feedback. However, these results also
revealed that the effectiveness of wearables is highly de-
pendent on the ongoing support and training received by
users (Drent etal., 2020; Iyakrus etal., 2023). In addition,
although the use of the Polar M400 smartwatch in a social
theory-based health education intervention on Facebook
showed potential, there were technical constraints, such as
synchronization issues and the size of the device, that could
reduce the effectiveness of the wearable (Pope et al., 2019;
Rahadianti, 2019). Furthermore, Gagnon et al. (2022)
found that the Fitbit Versa 2 had varying degrees of accuracy
in detecting stress-induced heart rate changes, with accu-
racy decreasing under high-stress conditions (Gagnon etal.,
202; Wantonoro et al., 2022). Therefore, although weara-
bles offer various advantages, technical challenges and long-
term use still need to be addressed to ensure better integra-
tion in users' daily lives. In conclusion, continuous develop-
ment and support are essential to maximize the benefits of
wearables in the context of health.

Given these challenges, the potential for wearable tech-
nology to impact public health and disease management re-
mains substantial. Addressing these issues effectively re-
quires both user-centered strategies and technical advance-
ments. The challenges involved are significant in public
health and disease management. First, there is a need to im-
prove training and support for wearable users to enable
them to make the most of the technology. Agustina and
Rafiyah (2023) emphasized the importance of providing ad-
equate education on how to use the devices as well as
providing constructive feedback to improve users' skills and
understanding. Second, wearable developers should focus
on improving the functionality and reliability of the devices,
including improvements to technical aspects such as data
synchronization, device size, and measurement accuracy
(Dewi etal., 2023). In addition, Melyana etal. (2021) sug-
gested that data collected from wearable devices can be
used to provide healthcare providers with better insights
into patient conditions, assisting in clinical decision-making
and the development of more targeted interventions. Fi-
nally, further research is needed to explore how wearables
can be used in different contexts, including more diverse
populations and varying health conditions, to provide new
insights into the utilization of this technology in improving
overall public health (Paramita et al., 2021). Thus, address-
ing these challenges through better training, technical de-
vice improvement, wider health system integration, and
continued research will enable wearables to become more
effective tools in improving individual and community
health.

Thus, while wearables offer many benefits in VO2MAX
measurement and health monitoring, existing challenges
must be overcome to ensure that this technology can be used
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effectively and efficiently. With the right approach, including
increased user support, technical improvements, integration
with health systems, and continued research, wearables can
be an invaluable tool in improving individual and community

health.
Conclusion

In conclusion, wearable technology has proven to play an
important role in optimizing athlete performance, especially
in monitoring VO2MAX, a key indicator of acrobic capacity
and cardiovascular health. Wearables provide real-time mon-
itoring of various performance metrics—such as heart rate,
heart rate variability, and recovery time, allowing coaches
and athletes to customize training based on chronotype and
diurnal variations. This personalized approach increases
training effectiveness and reduces the risk of injury, making
wearables a crucial tool for supporting optimal athlete per-
formance. In addition, wearables also make a significant con-
tribution to public health by promoting active lifestyles and
monitoring various health parameters. Wearables facilitate
physical activity monitoring, such as daily step count and
moderate to vigorous physical activity (MVPA) levels, and
provide feedback on physiological responses to stress. In el-
derly populations and individuals with chronic diseases,
wearables have proven effective in supporting long-term
health monitoring and self-management of health conditions.
Thus, wearable technology has great potential to be used asa
strategic tool in public health promotion and quality of life
improvement. However, the use of wearables in VO2MAX
measurement and health monitoring still faces a number of
challenges, mainly related to technical aspects such as meas-
urement accuracy and data synchronization issues. In addi-
tion, better education for users on how to effectively utilize
wearables is needed. Continuous support and training, tech-
nical improvements, and better integration with the health
system will be essential to ensure the effectiveness of this
technology. The implication is that wearables have great po-
tential to improve athlete performance and public health.
However, further development and improved support for
users are required for wearables to be optimally utilized in
various contexts, including in VO2MAX monitoring and
more comprehensive health management.
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