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Abstract: In the modern world, stress has become a pervasive concern that affects individuals' 
physical and mental well-being. To address this issue, many wearable devices have emerged as 
potential tools for stress detection and management, by measuring heart rate, heart rate variability 
(HRV), and various matrices related to it. This literature review aims to provide a comprehensive 
analysis of existing research on HRV tracking and Biofeedback using smartwatches and finger 
monitor/sensor pairing with reliable 3rd party mobile apps like Elite HRV, Welltory, and 
HRV4Training specifically designed for stress detection and management. we apply various 
algorithms and methodologies employed for HRV analysis and stress detection is discussed, 
including time-domain, frequency-domain, and non-linear analysis techniques. Prominent 
smartwatches, such as Apple Watch, Garmin, Fitbit, Polar, and Samsung Galaxy Watch, are 
evaluated based on their HRV measurement accuracy, data quality, sensor technology, and 
integration with stress management features. We describe the efficacy of smartwatches in providing 
real-time stress feedback, personalized stress management interventions, and promoting overall 
well-being. To assist researchers, doctors, and developers use smartwatch technology to address 
stress and promote holistic well-being, we discuss the data's advantages and limitations, future 
developments, and the significance of user-centred design and personalized interventions.  

Keywords: smartwatch; stress; wearable device; heart rate variability; comparative analysis 
 

1. Introduction 

Over the past decade, wearable technology has gained significant traction, with smartwatches 
emerging as one of the most popular and widely adopted devices in this category. A smartwatch is a 
wrist-worn device equipped with various sensors, connectivity features, and a display screen, 
offering functionalities beyond traditional timekeeping (Rawassizadeh, Price, and Petre 2015). These 
devices have seen exponential growth in popularity due to their versatility, convenience, and ability 
to seamlessly integrate with smartphones and other smart devices. Smartwatches initially gained 
attention for their fitness and activity tracking capabilities. They provided users with the ability to 
monitor their physical activity, track steps, measure heart rate, and calculate calorie expenditure 
(Henriksen et al. 2018). The incorporation of advanced sensors, such as optical heart rate sensors and 
accelerometers, allowed users to gain insights into their health and wellness in real-time. Beyond 
fitness tracking, smartwatches quickly expanded their features and functionalities to include 
communication, notifications, mobile apps, music playback, and more (Chu et al. 2023). 

As the capabilities of smartwatches advanced, manufacturers recognized the potential to 
address another pressing issue affecting individuals' well-being: stress management. The detrimental 
effects of chronic stress on physical and mental health have led to a growing demand for tools and 
techniques that help individuals monitor and alleviate stress levels (Johnson et al. 1992). This is where 
the integration of heart rate variability (HRV) analysis into smartwatches has garnered attention. 
HRV, which measures the variation in time intervals between consecutive heartbeats, is an indicator 
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of autonomic nervous system activity (Shaffer and Ginsberg 2017; Singh et al. 2018). It has been 
widely studied and recognized as a valuable metric for assessing stress levels, emotional states, and 
overall well-being. By exploiting optical sensors and advanced algorithms, smartwatches can capture 
and analyze HRV data, providing users with insights into their stress levels and offering 
interventions to manage and reduce stress effectively (Dalmeida and Masala 2021; Chalmers et al. 
2021). The integration of stress management features based on HRV analysis has positioned 
smartwatches as holistic wellness devices (Chalmers et al. 2021). By combining fitness tracking, 
communication, and stress management capabilities, these devices have the potential to empower 
individuals in maintaining a healthy lifestyle and have emerged as a promising solution at the 
intersection of technology and personal health. 

Heart Rate Variability (HRV) refers to the fluctuation in the time intervals between consecutive 
heartbeats, also known as R-R intervals, as measured by electrocardiography (ECG) or optical sensors 
(Shaffer and Ginsberg 2017; Singh et al. 2018). It reflects the dynamic balance between the sympathetic 
and parasympathetic branches of the autonomic nervous system (ANS), which regulate our body's 
physiological responses to stressors (Kim et al. 2018). The ANS plays a crucial role in modulating 
stress by regulating heart rate, blood pressure, respiration, and other vital functions. The sympathetic 
branch of the ANS is responsible for the "fight-or-flight" response, activating the body to cope with 
stress, while the parasympathetic branch promotes relaxation and restoration (Waxenbaum, Reddy, 
and Varacallo 2023; Chu et al. 2023). 

When individuals experience acute or chronic stress, the sympathetic branch of the ANS 
becomes dominant, leading to increased heart rate and decreased HRV. Conversely, during periods 
of relaxation and recovery, the parasympathetic branch prevails, resulting in decreased heart rate 
and increased HRV (Kim et al. 2018; Pham et al. 2021). Therefore, higher HRV is generally associated 
with a more adaptive stress response and better overall well-being (Kim et al. 2018; Lischke et al. 
2018). 

HRV analysis provides valuable insights into an individual's physiological state, including their 
stress levels, emotional states, and autonomic balance (Pham et al. 2021). By continuously tracking 
HRV throughout the day, these devices can provide real-time feedback on stress levels and suggest 
personalized interventions to help users regulate their stress response (Chalmers et al. 2021). These 
interventions may include breathing exercises, guided meditations, mindfulness prompts, or activity 
recommendations tailored to everyone’s needs. Furthermore, comparing HRV patterns before and 
after implementing stress reduction techniques, individuals can objectively assess the impact of 
different strategies and make informed decisions about which methods work best for them and help 
them to enhance their self-awareness, adopt healthier coping mechanisms, and ultimately lead a 
more balanced and stress-resilient life (van der Zwan et al. 2015; Castro Ribeiro et al. 2023). 

The purpose of conducting a literature review comparing smartwatches in managing stress 
using Heart Rate Variability (HRV) is to systematically analyze and synthesize existing research and 
knowledge on the effectiveness of different smartwatches as stress management tools. The review 
aims to compare the capabilities, features, and performance of smartwatches in measuring HRV and 
providing stress reduction interventions. By examining the literature, the review intends to identify 
the strengths, limitations, and gaps in the current body of knowledge to offer insights for future 
research, development, and practical application of smartwatches in stress management. 

2. HRV and Stress Management 

HRV measures heartbeat interval variation. Balanced sympathetic and parasympathetic 
autonomic nervous system branches induce it. HRV is a popular stress and well-being statistic. HRV 
is a stress indicator: 

ANS regulates heart rate and other involuntary activities. The SNS governs the "fight-or-flight" 
reaction, whereas the PNS controls the "rest-and-digest" response. These branches interact 
dynamically in HRV. High and low HRV imply a flexible ANS (Pham et al. 2021). It implies improved 
stress resistance and parasympathetic response. Lower HRV suggests lower variability and higher 
sympathetic dominance, which may be linked to persistent stress, weariness, or health issues. 
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Figure 1. ANS (Autonomic Nervous System) – HRV (Heart Rate Variability) relationship with stress-
resilience. 

SNS activation raises heart rate and lowers HRV. Chronic stress disrupts SNS-PNS equilibrium, 
lowering overall HRV. Prolonged sympathetic dominance may cause cardiovascular illness, anxiety, 
and depression (Shaffer and Ginsberg 2017; Kim et al. 2018). Electrocardiography (ECG or EKG) 
measures HRV. HRV characteristics including time-domain and frequency-domain metrics give 
heart rate autonomic modulation information after data analysis. 

HRV biofeedback boosts HRV and reduces stress. It activates and controls the neurological 
system to modulate baroreceptor reflex, respiratory sinus arrythmia, and other physiological systems 
that affect the lungs, cardiovascular system, and brain. It includes real-time HRV feedback and self-
regulation tools to increase parasympathetic activity and reduce sympathetic arousal (Lehrer and 
Gevirtz 2014). HRV biofeedback helps with stress, anxiety, and performance. 

HRV and stress reactivity vary. Age, fitness, genetics, lifestyle, and health issues may affect HRV 
(Kim et al. 2018; Tiwari et al. 2021). Thus, baseline HRV and these parameters must be considered 
while evaluating HRV readings. 

HRV monitoring may assist manage stress for numerous reasons. HRV shows organ stress 
responses. HRV monitoring may identify stress early and prevent it (Kim et al. 2018; McCraty and 
Shaffer 2015). Stress may be detected early and prevented. HRV monitoring offers tailored stress 
evaluation. HRV fluctuations may indicate stress (Kim et al. 2018). People may understand their 
stress responses and build personalized stress management methods by studying their patterns. Real-
time HRV biofeedback training teaches self-regulation (Aritzeta et al. 2022; Chung et al. 2021). Stress-
reduction methods and HRV assessments may promote self-regulation. Biofeedback helps 
individuals control stress and relax. 

Chronic stress harms mental and physical health. Monitor HRV to identify stresses and make 
healthy lifestyle changes. Regulating stress and increasing HRV improves stress management, 
resilience, and well-being (Kim et al. 2018; Chung et al. 2021). Additionally, HRV monitoring may 
help assess lifestyle changes. Sleep, exercise, diet, and relaxation may alter HRV (Myllymäki et al. 
2012; Tseng et al. 2020). This feedback loop optimizes stress management tactics based on personal 
preferences. Thus, HRV monitoring incorporates the mind-body connection into holistic wellness. 
HRV connects mental and physical stress. HRV monitoring helps individuals manage stress and 
improve fitness. 

Autonomic Nervous System 

Parasympathetic nervous 

S R

Sympathetic nervous 

S S

Long Term: High 

HRV 

Long Term: Low 
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HRV and stress reduction may be understood using the autonomic nervous system (ANS) and 
its involvement in stress response and regulation. The HRV-stress reduction theoretical framework 
is below: 

The ANS regulates stress responses. The SNS and PNS are its branches. The SNS activates the 
"fight-or-flight" response in stressful conditions, raising heart rate, blood pressure, and HRV. The 
PNS stimulates the "rest-and-digest" response, which relaxes, lowers heart rate, and increases HRV 
(Singh et al. 2018; Kim et al. 2018; Waxenbaum, Reddy, and Varacallo 2023; Chu et al. 2023). HRV 
again shows SNS-PNS interaction. Higher HRV implies a more balanced, adaptive ANS with a 
stronger PNS involvement. Lower HRV indicates SNS dominance and impaired stress adaptation 
(Singh et al. 2018; Kim et al. 2018; Waxenbaum, Reddy, and Varacallo 2023). Stress reduction methods 
diminish ANS activity and promote PNS dominance. Deep breathing, meditation, awareness, 
progressive muscle relaxation, and biofeedback training are used (Russo, Santarelli, and O'Rourke 
2017; Luberto et al. 2020). 

Stress reduction improves HRV. These techniques engage the PNS, relaxing and improving 
HRV. Frequent PNS activation in stress reduction may affect ANS balance and promote stress 
resistance (Kim et al. 2018). HRV reduces stress via a positive feedback loop. Stress-reduction 
approaches boost HRV and elicit positive feedback(van der Zwan et al. 2015). This feedback loop 
promotes ongoing stress-reduction practice, improving HRV and stress. Thus, stress reduction and 
HRV increases improve stress resilience. ANS health improves stress management and emotional 
well-being (Can et al. 2020). Increased HRV indicates a flexible and adaptable ANS that responds to 
stimuli without over arousing (Pham et al. 2021). 

This theoretical framework explains how HRV reduces stress. Empirical research and therapy 
assistance should be employed with this paradigm since stress reduction treatments affect HRV 
differently for each individual. 

3. Smartwatches and Stress Management 

Smartwatches are popular wearable devices to help reducing stress (Hickey et al. 2021). 
Smartwatches' stress-reduction potential are discussed below. 

Most smartwatches monitor the wearer's heart rate throughout the day. Since stress and anxiety 
raise heart rate, smartwatches can show stress levels. Real-time heart rate data may reveal stress 
causes (Chalmers et al. 2021). Advanced smartwatches analyze HRV. HRV measures the fluctuation 
in heartbeat intervals to better assess stress and autonomic nervous system balance. HRV-analysis 
smartwatches may help customers manage stress (Shaffer and Ginsberg 2017; Kim et al. 2018). 

Many smartwatches track stress using heart rate, HRV, and other matrix. These devices may 
detect high stress levels and provide real-time reminders to do breathing exercises or mindfulness 
(Chalmers et al. 2021). Some smartwatches include relaxing or breathing techniques. These features 
guide users through deep breathing or mindfulness exercises, helping them relax in stressful times. 
The watches may give visual or tactile feedback to help users follow the workouts (Robinson 2023, 
March 1). 

Sleeping sufficiently reduces stress. Smartwatches measure sleep duration, phases, and quality. 
Examining sleep patterns may disclose causes of stress and tiredness (de Zambotti et al. 2019). 
Exercise reduces stress. Smartwatches measure steps, distance, calories, and exercise. Smartwatches 
may reduce stress by encouraging regular activity and providing feedback (Huang, Huang, and Wu 
2022; Carter et al. 2018). 

Smartwatches can plan mindfulness or relaxation breaks. These reminders may encourage users 
to take short breaks, breathe deeply, or meditate for stress management and mental health (Bégin et 
al. 2022). Smartwatches also link to smartphone applications or online platforms for extensive data 
analysis. Users may analyze stress patterns, trends, and historical data to discover triggers and make 
educated lifestyle adjustments and stress reduction choices (Huhn et al. 2022).  

Smartwatches detect and analyze HRV using optical heart rate sensors and advanced 
algorithms. Smartwatches assess heart rate variability: Smartwatches' undersides include optical 
heart rate sensors that touch the wearer's skin. LEDs illuminate the skin, while photodiodes detect 
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the reflected light. Photoplethysmography (PPG) is this technique. LEDs send light into the skin, 
which the blood vessels absorb, and the photodiodes reflect. Photodiodes detect blood-induced light 
intensity changes. The wearer's pulse is shown as a PPG signal (Castaneda et al. 2018). Smartwatches 
use the PPG signal to calculate heart rate by analyzing the period between heartbeats. Smartwatches 
display real-time heart rate data (Meza et al. 2023). Algorithms analyze the raw PPG signal and derive 
HRV data in smartwatches. HRV monitoring relies on variations in pulse intervals (Polak et al. 2022). 

Frequency-domain HRV analysis is commonplace. The FFT converts the raw PPG signal into the 
frequency domain. This transformation isolates signal frequency components (Shaffer and Ginsberg 
2017; Jarrin et al. 2012). Frequency-domain analysis determines HRV parameters. HF, LF, and the 
LF/HF ratio are factors. HF power represents the parasympathetic nervous system, LF power 
represents sympathetic and parasympathetic activity, and LF/HF ratio indicates sympathetic nerve 
activity (Shaffer and Ginsberg 2017). 

Smartwatches may evaluate stress using HRV and contextual data. Advanced algorithms and 
machine learning methods analyze HRV data, compare it to established patterns, and predict stress 
levels based on the individual's baseline and deviations (Dalmeida and Masala 2021; Chalmers et al. 
2021). Smartwatches and smartphone apps display HRV data and stress assessment findings. HRV 
trends, stress levels, and stress management suggestions are available (Hao et al. 2017). Smartwatches 
simplify HRV monitoring, however their accuracy and precision might vary. Sensor quality, skin 
contact, motion artifacts, and algorithm design affect HRV data dependability. Clinical-grade HRV 
analysis may need medical equipment and professional interpretation. 

Smartwatches are beneficial for stress management. Key advantages: 
Smartwatches monitor heart rate, HRV, and stress in real time. Awareness helps people 

recognize stress and ponder on its causes. Recognizing stress patterns helps people reduce stress 
(Chalmers et al. 2021). Smartwatches provide continuous monitoring without extra equipment or 
difficult processes. They provide real-time heart rate, HRV, and stress data to users (Gupta, 
Mahmoud, and Massoomi 2022). Continuous monitoring helps people track their progress, identify 
triggers, and make stress management changes. Smartwatches track stress patterns over time. 
Historical data and trends may help people understand their pressures, find patterns, and make 
educated lifestyle choices and stress reduction decisions (Gupta, Mahmoud, and Massoomi 2022; 
Hrabovska, Kajati, and Zolotova 2023). These personalized insights may help people design 
personalized stress management plans. 

Smartwatches guide users through stress-reduction activities like breathing and mindfulness. 
Step-by-step instructions, visual cues, and tactile feedback help consumers relax. This guidance 
emphasizes stress-reduction and stress management (Castro Ribeiro et al. 2023). Smartwatches also 
measure sleep and exercise. A healthy lifestyle includes exercise, sleep, and stress management. 
Smartwatches encourage healthy behaviors that reduce stress and improve well-being (Scheid and 
West 2019) (Lehrer et al. 2021). 

Goal setting, progress monitoring, and reminders help smartwatches manage stress. These traits 
motivate and hold individuals accountable, encouraging them to actively reduce stress (Lui et al. 
2022; Greiwe and Nyenhuis 2020). The smartwatch's remarks and accomplishments may encourage 
stress management. Smartwatches may connect to many smartphone applications, health platforms, 
and services. This integration uses meditation apps, guided relaxation programs, and online support 
groups to manage stress holistically. Smartwatches are hubs for stress-reduction goods and services 
(Bégin et al. 2022). 

4. Compoarison of Smartwatches and Compatible Mobile App for Stress Management  

Apple is the leading smartwatch brand in the world, with a market share of over 43% in 2023. 
Samsung is the second leading brand, with a market share of 8%. Garmin and Fitbit follow, with 
market shares of 12% and 7%, respectively. Polar has a market share of 3%. Other brands, such as 
Huawei, Noise, and imoo, make up the remaining market share (Laricchia 2023, June 2). 

Apple's dominance in the smartwatch market is due to its strong brand reputation, its wide 
range of features, and its integration with the iPhone. Samsung's smartwatches are popular for their 
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stylish design and their compatibility with Samsung smartphones. Garmin smartwatches are known 
for their fitness tracking features, while Fitbit smartwatches are popular for their sleep tracking 
features. The global smartwatch market is expected to grow in the coming years, as more people 
adopt these devices for fitness tracking, health monitoring, and other purposes. 

Here is a comparison of Apple, Garmin, Fitbit, Samsung, Polar smartwatch, EliteHRV, Welltory, 
and HRV4Training for HRV monitoring and biofeedback system for stress management: 

 

Feature 
Apple 

Watch 
Garmin  Fitbit  Samsung Polar  

Elite 

HRV 
Welltory 

HRV4Tra

ining 

Biologica

l 

Measure

ment  

HR, PA, 
Falls, 
Respirati
on, Sleep 
and ECG 

HR, PA, 
Respiratio
n and 
Sleep 

HR, PA, 
Respirati
on and 
Sleep 

HR, PA, 
Respirati
on and 
Sleep 

HR, PA, 
Respirati
on and 
Sleep 

HR, 
Respirati
on, Sleep, 
PA, Diet, 
Lifestyle 
factor 

HR, 
Respirati
on, 
Stress 
score, 
Recover
y score 

HR, 
Respirati
on, 
Training 
load, 
Training 
effect 

HRV 

Tracking 

watch 

and 

watch 

series 

Apple 
watch 3, 
4, 5, 6, 7, 
8 and SE 

Fenix 6, 
Epix (Gen 
2) 
Forerunne
r 245/245 
music/245
S/245 S 
music, 945 
LTE, 
955/955 
solar/955 
plus, 
Instinct 2, 
Tactix 7, 
Venu 2 

Sense, 
Versa 2,3, 
Charge 
4,5, 
Inspire 2, 
Luxe 

Galaxy 4 
and 4 
classic, 
Galaxy 
watch 
active 2, 
Galaxy 
watch 3, 
Fit, Fit 2 

Polar 
Vantage 
V and 
V2, Grit 
X and X 
pro, 
M430, 
Ignite, 
Unite, 
polar 2 

NA NA NA 

Heart 

Rate 

variabilit

y 

Tracking 

Yes Yes Yes Yes Yes Yes  Yes  Yes  

Graph of 

HRV 
Yes Yes Yes Yes Yes Yes Yes Yes 

Stress 

Tracking 
Yes Yes Yes Yes Yes Yes  Yes  Yes  

Stress 

Tracking 

watch 

Apple 
watch 4, 
5, 6, 7, 8 

Fenix 6, 
Epix (Gen 
2) 
Forerunne
r 245/245 
music/245
S/245 S 
music, 945 
LTE, 
955/955 
solar/955 
plus, 

Sense, 
Versa 2,3, 
Charge 
4,5, 
Inspire 2, 
Luxe 

Galaxy 4 
and 4 
classic, 
Galaxy 
watch 
active 2, 
Galaxy 
watch 3, 
Fit, Fit 2 

Polar 
Vantage 
V and 
V2, Grit 
X and X 
pro, 
M430, 
Ignite, 
Unite, 
polar 2 

NA NA NA 
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Instinct 2, 
Tactix 7, 
Venu 2, 
Venu 2 
plus 

Stress 

Manage

ment 

features 

Breathe 
app, 
Mindfuln
ess app 

Stress 
Score, 
Body 
battery, 
Relaxation 
timer, 
Stress 
Predictor 

Stress 
Manage
ment 
Score, 
EDA 
Scan, 
Relax 
app 

Stress 
level, 
Breathe 
app, 
Stress 
manage
ment app 

Nightly 
Recharge, 
Serene 
app, 
Recovery 
pro 
features 

Stress 
Score, 
Breathing 
exercises, 
Meditatio
n 
sessions, 
Sleep 
tracking, 
Recovery 
recomme
ndations 

Stress 
Score, 
Breathin
g 
exercises
, 
Meditati
on 
sessions, 
Sleep 
tracking, 
Recover
y 
recomm
endation
s 

Stress 
Score, 
Breathing 
exercises, 
Recovery 
recomme
ndations 

HRV 

Biofeedb

ack 
Yes Yes Yes Yes Yes Yes Yes Yes 

Personali

zation of 

Real time 

HRV 

Biofeedb

ack 

watch 

Minimu
m 

Medium 
(Garmin 
Forerunne
r 945, 
Garmin 
Venu 2, 
and 
Garmin 
Vivoactive 
4) 
 

Medium 
(Fitbit 
Sense 
and Fitbit 
Versa 3) 

Minimu
m 

Medium 
(Polar 
Vantage 
V2, Polar 
Grit X 
Pro, and 
Polar 
Ignite) 

High High Medium 

Time 

Domain 

(RMSSD, 

SDNN) 

and 

Frequenc

y 

Domain 

(HF, LF, 

LF/HF 

ratio) 

Yes Yes Yes Yes Yes Yes Yes Yes 

Abnorma

l HR 

Alerts 
Yes Yes Yes Yes Yes Yes Yes Yes 

Respirat

ory Rate 

During 
Sleep 

During 
Sleep 

During 
Sleep and 

During 
Sleep and 

During 
Sleep and 

Needs 
Chest 
Strap 

Can 
measure 

Needs 
Chest 
Strap 
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and 

Depth 
While 
awake 

While 
awake 

While 
awake 

Compati

ble with 

Third 

party 

Apps 

Yes Yes Yes Yes Yes No Yes Yes 

Accuracy Good Good Good Good Good Excellent 

Better 
than 
smartwa
tch 

Better 
than 
smartwat
ch 

Battery 

Life 
Up to18 
hours 

From 24 
hours up 
to 14 days 

Up to 7 
days 

From 40 
hours up 
to 4 days 

From 30 
hours up 
to 7 days 

Up to 24 
hours 

Up to 12 
hours 

Varies 

User 

Friendlin

ess 
Good Good Good Good Good Good Good Excellent 

Price 
Starting 
at $399 

Starting at 
$299 

Starting 
at $299 

Starting 
at $249 

Starting 
at $299 

Starting 
from $0-
30/mon 

Starting 
from 
$13-
79/mon 

Starting 
at 
$9.99/mo
n 

Addition

al 

Features 

Activity 
tracking, 
sleep 
tracking, 
GPS, 
Music, 
notificati
ons, 
Payments 
(Apple 
2014, sep 
9) 

Activity 
tracking, 
multisport 
tracking, 
GPS, 
Music, 
notificatio
ns, 
Payments 
(Garmin 
2023) 

sleep 
tracking, 
stress 
tracking, 
GPS, 
Music, 
notificati
ons, 
Payments 
(Fitbit 
2023) 

Activity 
tracking, 
health 
tracking, 
GPS, 
Music, 
notificati
ons, 
Payments 
(Samsun
g 2023) 

Activity 
tracking, 
GPS 
(Polar 
2023) 

Heart 
rate 
variabilit
y 
analysis 
[HRV 
coherenc
e, HRV 
spectral 
analysis] 
(HRV 
2023) 

Stress 
manage
ment 
insights, 
heart 
rate 
variabilit
y 
analysis 
(HRV 
coherenc
e, HRV 
spectral 
analysis) 
(Welltor
y 2023) 

Heart 
rate 
variabilit
y 
analysis 
(HRV 
coherenc
e, HRV 
spectral 
analysis) 
(HRV4Tr
aining 
2023) 

(HR=Heart Rate, PA= Physical activity, HRV=Heart Rate Variability, ECG= Electrocardiogram, GPS= 
Global Positioning system, NA= Not Applicable) . 

As you can see, all of the smartwatches on this list offer HRV tracking and stress tracking. 
However, there are some differences in the features that they offer. For example, the Apple Watch 
has a Breathe app that can help someone to relax and reduce their stress levels. The Garmin watches 
have a Stress Score that can give an indication of someone’s overall stress levels. The Fitbit watches 
have a variety of stress management tools, such as guided breathing exercises. The Samsung watches 
have a Calm app that can provide someone with guided meditations and other relaxation techniques. 
And the Polar watches have a serene breathing exercise that can help someone to slow down their 
breathing and increase HRV. Ultimately, the best smartwatch for HRV and stress management for 
consumer will depend on their individual needs and preferences. If someone is looking for a watch 
with a variety of stress management features, then the Fitbit or Samsung watches may be a good 
option for them. If anyone is looking for a watch with a long battery life, then the Garmin watches 
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may be a good option for them. And if anyone is looking for a watch with a high degree of accuracy, 
then the Apple Watch or Polar watches may be a good option for them. 

In terms of accuracy, all of the smartwatches on this list are considered to be good. However, it 
is important to note that the accuracy of HRV measurements can vary depending on a number of 
factors, such as the user's body position, the ambient light, and the fit of the watch. 

Finally, the battery life of the smartwatches on this list varies. The Apple Watch has a battery life 
of up to 18 hours, the Garmin watches have a battery life of up to 14 days, the Fitbit watches have a 
battery life of up to 7 days, the Samsung watches have a battery life of up to 4 days, and the Polar 
watches have a battery life of up to 7 days. 

In short, all the smartwatch and mobile app listed above offer a variety of features for HRV 
monitoring and biofeedback. The best device for you will depend on individual’s needs and budget. 
If you are looking for a device with a wide range of features, the Apple Watch, Garmin Forerunner 
245, or Fitbit Sense are good options. If you are looking for a more affordable option, the Samsung 
Galaxy Watch 4 or Polar Vantage M2 are good choices. If you are looking for a device that is 
specifically designed for heart rate and HRV monitoring, the EliteHRV, Welltory, or HRV4Training 
are good options. 

Here is a summary of the pros and cons of each device: 
 
Company Pros Cons 
Watch   

Apple Watch 

• Wide range of features 
• Compatible with a variety of third-
party apps 
• Well-integrated with the Apple 
ecosystem 
 

• Expensive 
• Battery life can be short. 
 

Garmin 

• Accurate HRV tracking. 
• Long battery life 
• Durable design 
 

• Few third-party app 
integrations 
• Not as user-friendly as the 
Apple Watch 
 

Fitbit 

• Affordable 
• Well-integrated with the Fitbit app 
• Offers a variety of stress management 
tools. 
 

• HRV tracking is not as 
accurate as some other devices. 
• Battery life is not as long 
as some other devices. 
 

Samsung 

• Compatible with the Samsung 
ecosystem 
• Offers a variety of stress management 
tools. 
• Long battery life 
 

• HRV tracking is not as 
accurate as some other devices. 
• Not as user-friendly as the 
Apple Watch 
 

Polar 

• Accurate HRV tracking. 
• Long battery life 
• Durable design 
 

• Few third-party app 
integrations 
• Not as user-friendly as the 
Apple Watch 
 

Third Party 

App 
  

Elite HRV 
• Excellent accuracy 
• Easy to use. 
• Affordable 

• No personalized 
biofeedback 
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 • No third-party app 
integrations 
 

Welltory 

• Excellent accuracy 
• Biofeedback 
• Third-party app integrations 
• Affordable 
 

• Requires a smartphone. 
• Not as user-friendly as 
some other devices 
 

HRV4Traini

ng 

• Excellent accuracy 
• Biofeedback 
• Third-party app integrations 
 

• Requires a chest strap. 
• Not as user-friendly as 
some other devices 
 

5. Discusssion 

Present smartwatches in the market offer a range of health benefits, including activity tracking, 
heart rate monitoring, sleep tracking, stress management through HRV monitoring, blood oxygen 
level monitoring, ECG monitoring, fall detection and emergency alerts, GPS tracking, menstrual cycle 
tracking, and health data integration (Peake, Kerr, and Sullivan 2018). These features enable users to 
track their physical activity, monitor their heart health, analyze sleep patterns, manage stress levels, 
track respiratory health, detect abnormal heart rhythms, receive emergency assistance, track outdoor 
activities, monitor menstrual cycles, and consolidate health data for a holistic view of well-being (Lu 
et al. 2020). However, it's important to note that the specific features and capabilities may vary across 
different smartwatch models and brands. 

Smartwatches offer several health benefits through HRV (heart rate variability) monitoring for 
stress management. By utilizing HRV data, smartwatches can provide valuable insights into an 
individual's stress levels and overall well-being. HRV, the variation in time intervals between 
heartbeats, is closely tied to the body's autonomic nervous system and can serve as an objective 
measure of stress (Chalmers et al. 2021)(Kim et al. 2018). Smartwatches equipped with HRV sensors 
can continuously monitor and analyze these fluctuations, offering users a comprehensive 
understanding of their stress response patterns. It is reported that HRV within-person reliability is 
more during sleep rather than wakefulness (Dudarev et al. 2023).  

One of the primary health benefits of smartwatches through HRV for stress management is the 
ability to track and identify stress levels in real-time (Chalmers et al. 2021). By providing immediate 
feedback on HRV measurements, smartwatches can assist users in becoming more aware of their 
stress triggers and responses. This self-awareness can be a powerful tool for individuals seeking to 
manage their stress effectively. Additionally, smartwatches can offer stress management features 
such as guided breathing exercises or relaxation prompts based on HRV data (McLachlan and Truong 
2023). These interventions can help users regulate their stress response and induce a state of 
relaxation and calmness. 

Identifying discrepancies and gaps in the research for smartwatch comparisons for stress 
management reveals several important areas where the existing literature may be lacking. One 
prominent issue is the scarcity of extensive studies that directly compare the stress management 
capacities of different smartwatch models. Instead of conducting head-to-head comparisons, most 
studies tend to focus on specific features and the effectiveness of individual smartwatches. This 
limitation makes it challenging to determine which smartwatch models perform better in stress 
management scenarios (Zhang et al. 2022). 

Another significant factor contributing to the discrepancies is the variation in HRV algorithms 
used by different smartwatch brands and models. Each brand may employ its own algorithm to 
compute HRV and interpret stress levels. Consequently, there can be inconsistencies in the reported 
stress levels or scores across different smartwatches. This variance in algorithms complicates the 
direct evaluation of the efficiency and accuracy of various smartwatches in stress management 
(Rodrigues et al. 2022). 
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The validity and reliability of HRV measurements and stress management functions also differ 
between smartwatch models. Some smartwatches may have undergone more rigorous scientific 
validation than others, resulting in variations in their accuracy and reliability in measuring and 
managing stress. This discrepancy further hinders the ability to compare and assess the performance 
of different smartwatches for stress management purposes (Stone et al. 2021)(Chalmers et al. 2021). 

Most existing research on smartwatches for stress management focuses on short-term effects and 
user engagement, neglecting the investigation of long-term effects and sustained user involvement. 
It is crucial to conduct longitudinal studies to determine the long-term impact of smartwatches on 
stress reduction and to assess whether users continue to engage with the stress management 
capabilities of their smartwatches over an extended period. This longitudinal research would provide 
valuable insights into the effectiveness and user acceptance of smartwatches in managing stress over 
time (Ali et al. 2021). 

Furthermore, many studies examining smartwatches for stress management have primarily 
targeted specific demographics, such as athletes or individuals with certain health concerns. While 
these studies may provide valuable insights for these particular populations, they may not offer a 
comprehensive understanding of how smartwatches perform across diverse user groups. Therefore, 
it is essential to expand research efforts to include a broader range of user demographics to gain a 
more representative view of the effectiveness and applicability of smartwatches for stress 
management (Shei et al. 2022). 

Lastly, the lack of standardization in stress measurement and assessment techniques across 
different smartwatches poses a significant challenge. The absence of consistent protocols and metrics 
makes it difficult to compare and generalize research findings. To address this issue, collaborative 
efforts among researchers, smartwatch manufacturers, and healthcare practitioners are necessary. 
Such collaborations can contribute to the development of standardized guidelines and metrics for 
evaluating the stress management capabilities of smartwatches, ensuring a more consistent and 
reliable basis for comparison (Nelson et al. 2020). 

Sum up, the research on smartwatch comparisons for stress management exhibits several 
discrepancies and gaps. These include limited comparable studies, HRV algorithm variations, issues 
with validation and reliability, insufficient investigation of long-term effects and user engagement, a 
narrow focus on specific demographics, and the lack of standardization in stress measurement and 
assessment techniques. To fill these gaps, it is imperative to conduct more extensive comparative 
studies, particularly those directly evaluating stress management capacities using standardized 
protocols. Longitudinal trials involving diverse user populations and collaborations among 
stakeholders can help address these discrepancies and contribute to the development of standardized 
guidelines for evaluating the stress management capabilities of smartwatches. 
 

6. Limitations and Future Directions 

It is important to consider the limitations of HRV data obtained from smartwatches. One 
limitation is the potential for inaccuracies in the measurements. Smartwatches may not provide the 
same level of accuracy as medical-grade devices due to factors like device placement, motion artifacts, 
and sensor limitations. Therefore, while smartwatches can offer valuable insights, they should not be 
considered as a substitute for professional medical advice or diagnostic tools (Alugubelli, Abuissa, 
and Roka 2022)(Hinde, White, and Armstrong 2021). 

Another limitation is the individual variability in HRV. Factors such as age, fitness level, and 
underlying health conditions can influence HRV, abnormally high or low HRV in different 
pathophysiological conditions and smartwatches may not always account for these individual 
differences (Föhr et al. 2015)(Shaffer and Ginsberg 2017). Consequently, the stress assessments and 
recommendations provided by smartwatches may not always be tailored to an individual's specific 
circumstances. 

Moreover, contextual interpretation is crucial when analyzing HRV data. Elevated HRV 
readings do not necessarily indicate high stress, as other factors like physical activity or excitement 
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can influence HRV as well (Shaffer and Ginsberg 2017)(Kim et al. 2018). It's essential to consider the 
broader context of an individual's lifestyle and overall health when interpreting HRV data obtained 
from smartwatches. 

Further, subjective perception plays a role in stress management. While HRV data can provide 
an objective measure of stress, it may not always align with an individual's subjective experience of 
stress. Each person may have their own unique ways of perceiving and responding to stress, which 
HRV data alone may not fully capture (Shei et al. 2022). 

Lastly, smartwatches with HRV monitoring capabilities offer valuable health benefits for stress 
management. They provide real-time feedback, promote self-awareness, and offer stress 
management interventions. However, it's important to recognize the limitations of HRV data 
obtained from smartwatches, including potential inaccuracies, individual variability, the need for 
contextual interpretation, and the subjective nature of stress perception. Integrating smartwatch data 
with professional medical advice and personalized care can ensure a comprehensive and effective 
approach to stress management (Chalmers et al. 2021)(Hickey et al. 2021). 

The future direction of smartwatch applications for stress management is poised to bring 
significant advancements and hold valuable clinical implications. As technology continues to evolve, 
we can anticipate more sophisticated features and capabilities that enhance the effectiveness of stress 
management apps on smartwatches (Maritch 2019). One area of focus is improving the accuracy of 
stress assessments by refining HRV measurements through advanced algorithms and sensor 
enhancements. By leveraging machine learning and artificial intelligence, smartwatches can analyze 
HRV data in real-time, allowing for more precise and personalized stress monitoring (Vos et al. 2023). 

The integration of machine learning algorithms can enable smartwatches to learn individual 
patterns, recognize unique stress response profiles, and provide tailored recommendations for stress 
management. These recommendations could include guided breathing exercises, mindfulness 
techniques, or adaptive relaxation prompts based on the user's specific needs and preferences. 
Additionally, smartwatches could employ biofeedback mechanisms that provide real-time feedback 
on HRV and stress levels, helping users develop effective self-regulation techniques (Vos et al. 
2023)(Tonacci et al. 2020). 

The clinical implications of these advancements are significant. Smartwatches equipped with 
robust stress management apps can empower individuals to proactively monitor and manage their 
stress levels. By gaining a deeper understanding of their stress responses and receiving personalized 
interventions, users may be able to mitigate the negative impact of chronic stress on their physical 
and mental health. This proactive approach to stress management could potentially reduce the risk 
of stress-related conditions such as cardiovascular disease, anxiety disorders, and burnout. Also, it 
should include more integration with their physician electronic records to have better individual 
interpretation and changes to the lifestyle and in persistent chronic anxiety cases directed cognitive 
and medical treatment (Bayoumy et al. 2021; Greiwe and Nyenhuis 2020; Liao et al. 2019). 

Next, the integration of smartwatch data into clinical settings holds promise for healthcare 
professionals. With consent and appropriate privacy measures, clinicians could access patients' stress 
data from their smartwatches to gain valuable insights into their stress levels and response patterns. 
This data can inform clinical assessments, treatment plans, and the evaluation of treatment efficacy. 
By incorporating smartwatch data into the clinical workflow, healthcare providers can offer more 
personalized and evidence-based stress management interventions (Sabry et al. 2022). 

In summary, the future of smartwatch applications for stress management looks promising. 
With advancements in technology, machine learning algorithms, and data analytics, smartwatches 
have the potential to become powerful tools for individuals to monitor and manage their stress levels 
effectively. Moreover, the clinical implications are significant, offering healthcare professionals 
valuable insights and tools to enhance patient care and improve stress management strategies (Sabry 
et al. 2022; Chakrabarti et al. 2022). 
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7. Conclusions 

Smartwatches equipped with HRV monitoring capabilities play a valuable role in various 
activities and stress management. These devices offer a range of features, including activity tracking, 
heart rate monitoring, sleep tracking, and stress management interventions based on HRV data. Its 
HRV data has provided a very useful information of personal health regarding level of stress, self-
management of stress factors and understanding of sleep and personal health. By providing real-time 
feedback, promoting self-awareness, and offering personalized stress management techniques, 
smartwatches empower individuals to monitor and manage their stress levels effectively. However, 
it is important to acknowledge the limitations of HRV data obtained from smartwatches, such as 
accuracy, individual variability, contextual interpretation, and the subjective nature of stress 
perception. Integrating smartwatch HRV data with professional medical advice and personalized 
care can ensure a comprehensive and effective approach to stress management. Overall, smartwatch 
HRV monitoring has the potential to enhance well-being by assisting individuals in achieving a 
healthier balance in their activities and stress levels. 
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