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ABSTRACT
Objective: The number of people participating in leisure sports activities and amateur competitions has 

been rising sharply. Free smartphone heart rate monitoring applications are readily available for use; however, 
information on their accuracy during exercise is still limited. Therefore, the purpose of our study was to validate 
a smartphone free heart rate monitoring application during treadmill exercise in healthy individuals.  Methods: 
This was a prospective experimental study testing the free heart rate app ‘INSTANT HEART RATE: AZUMIO.’ Twenty-
seven healthy participants were requested to perform the treadmill task with four different workloads: walking 
at 2.0 mph, walking at 3.5 mph, jogging at 4.5 mph and running at 6.0 mph. Participants had to perform the 
exercises for 3 minutes for each workload, and heart rates were recorded using the smartphone app and ECG at 
rest, during the exercise and recovery periods at each 60-second interval.  Results: Heart rates measured using 
the free smartphone app at rest, walking at 2.0 mph, brisk walking at 3.5 mph, slow jogging at 4.5 mph and 
recovery stage were accurate with correlation coefficient value ≥0.95 and standard error of estimate <1 bpm. 
However, the correlation values during running at 6 mph were inconsistent with a standard error of estimate 
>5 bpm.  Conclusion: The free smartphone app that we tested accurately estimates heart rate at rest, during 
low to moderate intensity exercise and the recovery period, but becomes less consistent during high-intensity 
exercise, making this app suitable for use during indoor activities of low to moderate intensity. Level of evidence II; 
Diagnostic Studies - Investigating a diagnostic test.
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RESUMO
Objetivo: O número de pessoas que participam em atividades esportivas de lazer e competições amadoras au-

mentou acentuadamente nos últimos anos. Os aplicativos gratuitos para monitoramento da frequência cardíaca 
para smartphone estão disponíveis para uso; no entanto, as informações sobre sua precisão durante o exercício 
ainda são limitadas. Assim, nosso objetivo foi validar o aplicativo para monitoramento da frequência cardíaca para 
smartphone durante exercícios em esteira em indivíduos saudáveis. Métodos: Estudo experimental prospectivo que 
testou um aplicativo gratuito para monitoramento da frequência cardíaca “INSTANT HEART RATE: AZUMIO”. Vinte e 
sete participantes saudáveis foram solicitados a realizar a tarefa em esteira em quatro diferentes cargas de trabalho: 
caminhada a 3,0 km/h, caminhada rápida a 5,0 km/h, jogging a 7,0 km/h e corrida a 9,0km/h. Os participantes 
realizaram os exercícios por 3 minutos para cada carga de trabalho, e a frequência cardíaca foi registrada usando 
o aplicativo para smartphone e ECG em repouso, durante o período de exercício e recuperação a cada intervalo 
de 60 segundos. Resultados: A frequência cardíaca medida pelo aplicativo gratuito para smartphone em repouso, 
caminhada a 3,0 km/h, caminhada rápida a 5,0 km/h, jogging a 7,0 km/h e fase de recuperação foi precisa, com 
coeficiente de correlação ≥ 0,95 e erro padrão da estimativa < 1 bpm. No entanto, os valores de correlação durante 
a execução a 9,0 km/h foram incompatíveis e o erro padrão da estimativa foi > 5 bpm. Conclusão: O aplicativo gra-
tuito para smartphone que testamos estima com precisão a frequência cardíaca em repouso, durante o exercício de 
baixa a moderada intensidade e o período de recuperação, mas torna-se menos preciso durante exercícios de alta 
intensidade, tornando este aplicativo adequado para uso em atividades internas de intensidade baixa a moderada. 
Nível de evidência II; Estudos Diagnóstico - Investigação de teste diagnóstico.

Descritores: Validação de software; Frequência cardíaca; Smartphone; Exercício.

RESUMEN
Objetivo: El número de personas que participan en actividades deportivas recreativas y competiciones de aficionados 

ha aumentado notablemente en los últimos años. Las aplicaciones gratuitas para monitorización de la frecuencia 
cardíaca para smartphones están disponibles para uso; sin embargo, la información sobre su precisión durante el 
ejercicio todavía es limitada. Por lo tanto, nuestro objetivo fue validar la aplicación gratuita para monitorización de 
la frecuencia cardíaca para smartphones durante ejercicios en cinta rodante en personas sanas. Métodos: Estudio 
experimental prospectivo que probó una aplicación gratuita para monitorización de la frecuencia cardíaca “INSTANT 
HEART RATE: AZUMIO”. Se solicitó a 27 participantes sanos que realizaran la tarea en cinta rodante en cuatro cargas 
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de trabajo diferentes: caminata a 3,0 km/h, caminata rápida a 5,0 km/h, “jogging” a 7,0 km/h y carrera a 9,0 km/h. 
Los participantes realizaron los ejercicios durante 3 minutos para cada carga de trabajo, y las frecuencias cardíacas se 
registraron utilizando la aplicación para smartphone y ECG en reposo, durante el período de ejercicio y recuperación a 
cada intervalo de 60 segundos. Resultados: La frecuencia cardíaca medida con la aplicación gratuita para smartphone 
en reposo, caminata a 3,0 km/h, caminata rápida a 5,0 km/h, “jogging” a 7,0 km/h y fase de recuperación fue precisa 
con coeficiente de correlación ≥0 ,95 y el error estándar de estimación < 1 bpm. Sin embargo, los valores de correlación 
durante la ejecución a 9,0 km/h fueron inconsistentes con error estándar de estimación >5 bpm. Conclusión: La apli-
cación gratuita para smartphones que probamos calcula con precisión la frecuencia cardíaca en reposo, durante el 
ejercicio de baja a moderada intensidad y el período de recuperación, pero se vuelve menos preciso durante ejercicios 
de alta intensidad, haciendo que esta aplicación sea adecuada para utilización en actividades internas de intensidad 
baja a moderada. Nivel de evidencia II. Estudios de diagnóstico - Investigación de una prueba de diagnóstico.

Descriptores: Validación de programas de computación; Frecuencia Cardíaca; Smartphone; Ejercicio.
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INTRODUCTION
Physical inactivity has been identified as one of the causes for the 

rise of chronic conditions such as obesity, diabetes mellitus, heart disease 
and cancer, and subsequently the related healthcare cost.1 At present, 
the general population has been encouraged to be more engaged in 
regular exercise activities and this has led to marked increase in the 
number of people participating in leisure sports activities and amateur 
competitions. However, it is important to highlight the danger that can 
occur in individuals who exercises; sedentary individuals may overstress 
their bodies during the beginning of their exercise programs and the 
professional athletes may face the danger when they go through vigorous 
training.2 As a precaution, these groups of people are advised to check 
on their heart rate during exercise and keep it within defined guidelines.

Heart rate (HR) monitoring is vital in exercise3 and the usage of target 
heart rate has been practiced for many years in exercise prescription4 in 
general and athlete populations.5 Notably, heart rate can provide essential 
physiological information such as activity intensity, energy consumption 
valuation and calculation of relative heart rate to the intensity of the 
workload of an individual,6 and these results are exclusively beneficial in 
planning for an optimal training intensities of an individual. In addition, 
heart rates recorded during exercise or immediately after exercise can 
provide information about cardiovascular fitness level and health,7 and 
recovery heart rate is useful in predicting future cardiac events and 
mortality in both healthy and clinic population.8

The most traditional technique of measuring heart rate is by manually 
feeling the pulse at the spot where an artery is close to the body surface. 
Even though this method is simple but it requires a little skill to locate the 
pulse and gently count the pulsation and subsequently rate it, but at times, 
it can be inaccurate especially when it is self-counted.7 However, over time 
a wide variety of heart rate monitoring devices have been developed, for 
instance the chest strap (transmitter) that communicates with a watch (recei-
ver). This device has been validated and has proven to provide a consistent 
and reliable reading of heart rate at rest and during exercise.3,9,10  This heart 
rate monitoring technology has helped both the exercise enthusiasts and 
professionals to measure the heart rate and to apply a proper heart rate 
intensity guide during exercise activities or exercise prescription.4 

At present, there are many free heart rate apps available in the smar-
tphone’s application (app) store. The usage of these apps has become 
increasingly popular because they are easy to use and do not require any 
costly equipment or any skill to measure the heart rate.11 The requirement 
for heart rate measurement using the smartphone app is a phone with 
a camera equipped with flash and the quality of the camera does not 
has much influence of the HR reading.7 The smartphone heart rate app 
measures the heart rates using the principle of Photo-plethysmography 
(PPG),12 where it is based on the principles that the blood absorbs more 

light than the surrounding tissue and the presence of variations in the 
blood volume during diastole and systole will affect the transmission 
or reflection of light.13,14 This HR app is specially designed for self-use 
by anyone, whereby the users just need to put their fingertip on the 
camera lens and the light emitting diode (LED) flashlight concurrently. 
The app will record the changes in the light that accompanying the 
arterial pulsation and process these changes as heart rates’ reading 
and help the users to determine their beats per min within seconds.14

Most people nowadays own a smartphone and can use this free 
heart rate app readily. However, the study on validating this HR app 
during exercise in the healthy individual is still limited.14 Based on our 
review, we hypothesized that the free smartphone heart app is accurate 
in measuring heart rate during exercise, therefore in this study, we have 
asked active individuals to perform treadmill exercise and measured their 
heart rate using ECG and smartphone app simultaneously. 

METHODS

Study design
This was a prospective experimental study. Twenty-seven (27) healthy 

participants, twenty-two (22) male, and five (5) female, who participate in 
regular weekly exercises enrolled for this study. The primary investigator 
invited individuals who attended sports medicine clinic to join in this study. 
All subjects approached, briefed and screened for any medical indication 
such as any underlying cardiovascular or cardiac arrhythmias, neurological, 
musculoskeletal or metabolic disease. Subjects who were on medications 
that can influence the cardiovascular system or recently sustained injuries 
excluded from the study. All subjects answered the physical activity readi-
ness questionnaire (PAR-Q) and undergone complete physical examination. 
Only subjects with medical clearance permitted to proceed in this study, 
and signed the free and informed consent term. Research ethics approval 
attained from the University of Malaya Medical Centre, MECID 201715-4744. 
This study conducted in compliance with ethical principles outlined in the 
Declaration of Helsinki and Malaysian Good Clinical Practice Guideline.

Apparatus and Intervention 
The smartphone (OPPO FIND 7A) used in this study was owned by 

the primary investigator and using the keyword “heart rate”, one free heart 
rate app with higher number rating was downloaded from the app store 
which was ‘INSTANT HEART RATE: AZUMIO Inc, USA’. Participants were 
instructed not to eat or drink anything other than water in three hours 
preceding visit and refrain from doing any strenuous physical activity 
for at least 24 hours before their visit. Participants were also instructed 
to wear comfortable sports attire and sports shoe. Upon arrival to the 
sports medicine clinic, participants’ height, weight, body mass index (BMI) 
and body impedance analysis measured and recorded. Participants were 
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asked to do light stretching prior the test. Following the light stretching, 
ECG electrodes (COSMED) were then applied. All participants were taught 
on how to put the index finger over the camera lens using moderate 
pressure until a stable heart reading was displayed.

The participants stand still on the treadmill (HP COSMOS) for three 
minutes. During the three minutes, heart rate measured via the smart-
phone app and ECG at a 60-second interval, and the value was recorded. 
This heart rate represented the participants resting heart rates. The partici-
pants performed the exercise on the treadmill at four different workloads. 
The workloads were; stage 1 walking at 2.0 mph, stage 2 walking at 3.5 mph, 
stage 3 jogging at 4.5 mph and stage 4 running at 6.0 mph. Partici-
pants then performed the exercises for 3 minutes for each workload. 
During each workload, the heart rates were recorded at every 60-second 
interval using smartphone app and ECG. After completing stage 4, par-
ticipants continued walking on the treadmill at a comfortable pace for 
1 minute and then sat on a chair for 2 minutes, heart rate recorded at a 
60-second interval, and this heart rate represented the recovery heart rate.

Statistical analysis
Sample size calculation was performed using G power 3.1.9.2 soft-

ware, t-Test (A priori: Effect size 0.5, α error 0.05 and Power 0.8) the total 
sample size needed was 27. All data were analyzed using SPSS version 
24. Shapiro-Wilk test used to check for normal distribution of all data 
due to small sample size. ECG heart rates were the gold standard.10,15 
All variables were normally distributed for both ECG and Smartphone app 
heart rates. Parametric test used for comparison between the variables, 
standard error of estimate values obtained and Pearson’s correlation was 
analyzed. Level of significance was set at p<0.05.

RESULTS
Twenty-seven (n=27) participants were involved in this study, 81.48 

% (n=22) males and 18.52 % females (n=5). 44.4% of participants were 
Malays (n=12), 37.04% were Indians (n=10) and 18.52 % were Chinese 
(n=5). The mean age for the subjects was 32.89±3.08 years old, mean 
height 169.59±8.68 cm, mean weight 73.44±12.67 kg and mean BMI of 
25.78±3.55. 14 participants have normal BMI (20 kg / m² -24.9 kg / m²), 
9 participants were overweight (25.0 kg / m² - 29.9 kg / m²) and 4 partici-
pants were obese (30.0 kg / m² - 34.9 kg / m²). The frequency of exercise per 
week among the participants were two times per week (n=4), three times 
per week (n=11), four times per week (n=8) and five times per week (n=4).

As shown in Table 1, we found that at minute 0 and minute 7, there 
was no mean difference between ECG and smartphone app. Meanwhile 
the p-value <0.05 in all stage except minute 12 in stage 4. These findings 
showed that the smartphone app heart rate was equal to ECG heart 
rate in almost all stage. Meanwhile, the standard estimation error (SEE) 
values were noted to be <1 beat in all stage except for stage 4 where 
the SEE was <5 beats in minute 12 and >5 beats in minute 13 and 14.

Findings in Table 2 showed the correlation coefficient value (r) for 
HR measured by the free smartphone app were highly correlated in all 
stage (r) ≥0.95 and p<0.05, except for stage 4 while running at 6mph 
(12-14 minute) the correlation values (r) were inconsistent. At minute 
12 the HR measured by the free smartphone app showed significant 
strong correlation (r) ≥0.95 and p<0.05, but at minute 13 and 14, the 
HR measured by the free smartphone app was poorly correlated with 
HR ECG where (r) ≤0.90 and p>0.05. 

DISCUSSION 
Heart rate monitoring has been used as a training tool since a few 

decades ago and ever since many validated user-friendly portable 
heart rate monitors have been developed.2 Even though ECG is the 
gold standard for measuring heart rate, however, it is not practical 

Table 2. Correlation coefficient (r) and Pearson correlation between heart rate smar-
tphone app and heart rate ECG. Heart rate ECG as the gold standard.

Stage of exercise
Correlation coefficient (r) 
of Heart rate smartphone 

app and Heart rate ECG

Pearson Correlation
Sig. (2-tailed)

Stage resting 
0 min 1.000^^ 0.001**
1 min 1.000^^ 0.001**
2min 1.000^^ 0.001**

Stage 1 (2 mph) 
3 min 1.000^^ 0.001**
4 min 1.000^^ 0.001**
5 min 1.000^^ 0.001**

Stage 2 (3.5 mph)
6 min 1.000^^ 0.001**
7 min 1.000^^ 0.001**
8 min 1.000^^ 0.001**

Stage 3 (4.5 mph) 
9 min 1.000^^ 0.001**

10 min 0.998^^ 0.001**
11 min 0.997^^ 0.001**

Stage 4 (6 mph) 
12 min 0.990^^ 0.001**
13 min 0.310 0.116
14 min 0.217 0.277

Stage Recovery 
15 min 1.000^^ 0.001**
16 min 0.999^^ 0.001**
17 min 0.994^^ 0.001**

^^ correlation coefficient was significant if value ≥ 0.90. ** p-value was significant if value <0.05.

Table 1. Analysis of heart rate measured by ECG and Smartphone App during the 
treadmill test. Heart rate expressed in mean±SD. Mean different and standard esti-
mation error (SEE) values were calculated.

Stage of exercise
Smartphone 

App
Mean ± SD 

ECG 
Mean ± SD

Mean 
Different 

Standard 
estimation 
error (SEE)

p-value

Stage resting 
0 min 77.81 ±11.86 77.81 ±11.86 - 0.001^ -
1 min 77.59 ±13.05 77.52 ±13.08 0.074 0.270^ 0.161*

2 min 78.00 ±12.28 78.04 ±12.29 0.037 0.196^
0.327*

Stage 1 (2 mph) 
3 min 87.41 ±10.71 87.41 ±10.71 0.037 0.001^ 0.327*
4 min 91.19 ±11.93 91.19 ±11.93 0.074 0.001^ 0.161*
5 min 92.59 ±12.93 92.59 ±12.93 0.037 0.001^ 0.574*

Stage 2 (3.5 mph)
6 min 100.52 ±12.42 100.48 ±12.35 0.037 0.185^ 0.327*
7 min 106.26 ±13.08 106.26 ±13.08 - 0.001^  -
8 min 110.33 ±13.22 110.30 ±13.18 0.037 0.328^ 0.574*

Stage 3 (4.5 mph) 
9 min 121.15 ±11.54 121.15 ±11.54 0.074 0.272^ 0.161*

10 min 130.63 ±12.51 130.41±12.36 0.222 0.901^ 0.207*
11 min 137.63±11.54 137.41 ±11.73 0.222 0.923^ 0.227*

Stage 4 (6 mph) 
12 min 148.00 ±9.66 147.26 ±10.20 0.742 1.365^ 0.015
13 min 146.93 ±17.00 154.78 ±9.71 7.851 16.48 0.075*
14 min 153.30±22.93 162.07 ±8.88 8.778 22.830 0.095*

Stage Recovery 
15 min 135.07±10.00 135.11 ±9.943 0.037 0.188^ 0.327*
16 min 120.07 ±8.22 120.15 ±8.26 0.074 0.392^ 0.327*
17 min 106.07 ±9.01 105.89 ±9.01 0.185 0.978^ 0.327*

^ SEE was significant if value ≤ 5. * Smartphone app heart rate were equal to ECG reading if p>0.05.

for individuals to monitor their heart rate in the natural environment 
using Holter ECG due to its cumbersome attachment of electrodes 
and wires.10 Unfortunately, the heart rate monitors are still considered 
difficult to use due to few issues,16 and they were also associated 
with the financial burden.10 Apart from that, many of these portable 
heart rate monitors require chest strap which is not appropriate to 
be used in individuals with sensitive skin or who are obese.1 Howe-
ver, with recent technology, many smartphones now can be used 
as heart rate monitor, where the smartphones can be installed with 
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free heart rate app that can measure individuals’ heart rate during 
exercise.14 Mitchell et al. believed that smartphone app is a reliable 
and valid tool to assess pulse rate in healthy individuals.17 Heart 
rate measurement using finger-tip showed comparable results and 
accurate concerning ECG18,19 and contacted PPG based apps have 
higher feasibility and better accuracy.13

In a previous study done by Spierer et al., they suggested that data 
recorded by heart rate monitor are valid if the correlation coefficients 
are ≥0.90 and SEEs ≤5 beats per minute (bpm).1,10 Yan et al. studied HR 
detection by a smartphone app at rest and after exercise in a healthy 
sample, and they found that the HR was accurate.20 However, in our 
study, we focus on validating the accuracy of a selected free smartphone 
heart rate app in measuring the heart rate of adult participants while 
performing different intensity of exercises and compares to ECG. Our 
findings showed that the heart rates measured using the free smartphone 
app at rest, during low to moderate exercise and recovery were accurate 
with r ≥0.95 and SEEs <1 bpm, though, Zaman et al. reported that the 
smartphone app has r= 0.83 in their study.19 The correlation values (r) 
in this study for the smartphone HR measured were highly correlated 
during resting stage (0-2 minute), stage 1 walk at 2.0 mph (3-5 minutes), 
stage 2 brisk walk at 3.5 mph (6-8 minutes), stage 3 slow jogging at 4.5 
mph (9-11 minutes) and recovery stage (15-17 minutes) with (r) ≥0.95. 
However, the correlation values (r) for stage 4 which was running at 6 
mph (12-14 minute) were inconsistent, suggesting that the HR monito-
ring using smartphone app at this stage was not accurately measured. 

However, from our observation in this present study, we noticed 
that as the intensity of exercise increases from moderate to high in-
tensity the accuracy of heart rate measurement deteriorated. There 
was a noticeable issue with the free smartphone app and its ability 
to collect HR data at high-intensity activities where many participants 
had difficulties in maintaining the hold of the tip of their finger on the 
smartphone camera during the treadmill exercise. As the intensity of 
exercise increased, they felt more challenging to hold the tip of their finger 
on the smartphone camera. We also noted that there were instances 
where the free smartphone app could not record HR data accurately 
(fluctuating values) during running at 6 mph, mainly when there was 
excessive hand movement present.18 Apart from that, this inaccuracy 
may well originate from sweating and other artifacts during exercise.11 

These findings were similar to a recent study done by Lee et al., where 
they tested the accuracy of a smartphone application in ischemic heart 
disease’s patients, and they concluded that the accuracy of measured 

HR from a smartphone was almost overlapped with the measurement 
from the Holter monitor in resting stage and recovery stage, but measu-
rements error increased as the exercise intensity increased.21 This issue 
was also seen in a study using HR wrist-watch monitoring where it did 
provide valid HR readings at rest and during walking and light jogging 
but lose ability at higher treadmill speed.3

Although the findings are encouraging, few limitations that have been 
noted in this study; these include an unequal gender distribution and a 
small number of subjects involved in this study which may not represent 
the general population. Moreover, the free smartphone heart rate app 
used in this study was tested only on healthy individuals, the effect of 
underlying diseases such as peripheral vascular disease, skin diseases, 
abnormal blood pressure and autonomic nerve disorder which may affect 
the measurement of heart rate with PPG were not evaluated. Besides that, 
only one smartphone model used for data collection, which was iPhone 
5s, the accuracy of free heart rate app with another model of smartphone 
should be tested too as it could prognosticate a better accuracy with their 
more advanced camera technology. Another limitation is that in this present 
study, we only examined on one free smartphone heart rate app and we 
did not compare it with other free smartphone heart rate apps; therefore, 
these findings cannot be generalized to all smartphone HR apps.

CONCLUSION
To summarize, the free smartphone app that we tested can accurately 

estimate the heart rate at rest, during low to moderate intensity exercise and 
recovery period. However, it becomes less consistent during high-intensity 
exercise due to some issues probably due to user-dependent, smartphone 
camera or the app itself. This free smartphone app is useful for measuring 
heart rate during low to moderate indoor exercise and physical activities. 
Moreover, with the widespread use of smartphone and expanding mobile 
broadband connectivity everyone can easily download this free smartphone 
HR app for self-use, and make this free heart rate app acts as an important 
tool in exercise monitoring. We hope that newer technology can rectify 
the issues that had occurred during high-intensity exercise.
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