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ABstRAct
Purpose. to verify the validity of Instant Heart Rate® application in smartphones for the measurement of exercise heart rate.
Methods. the individuals were initially instructed about all the procedures to be performed and signed the consent form. 
Anthropometric measures and rest heart rate were evaluated before the experimental session of the study. the subjects partici­
pated in a self­selected exercise on a cycle ergometer for 10 minutes.
Results. the results for validity demonstrated in an iPhone/iOs® smartphone revealed the intra­class correlation coefficient 
of r = 0.87 with a tendency to overestimate the heart rate by 5 bpm. For the Lenovo/Android® model, the intra­class correlation 
coefficient was r = 0.98, underestimating the values by –0.7 bpm. thus, both systems presented high correlation values, 
and the error observed did not seem to compromise the several measures that use heart rate as a parameter.
Conclusions. It is possible to conclude that heart rate monitoring by the Instant Heart Rate® application on iPhone/iOs® 
and Lenovo/Android® operating system smartphones can be performed safely during exercise, with the Lenovo/Android® 
base being even more reliable than the iPhone/iOs® system.
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Introduction

Heart rate (HR) is the most commonly used physio­
logical variable in physical training. It assists in the 
control of training intensities [1, 2], the prediction of 
maximal aerobic power [3], the estimation of train­
ing intensity [4], and the measurements obtained in 
relation to exercise and cardiovascular health [5, 6]. 
HR measurement methods during exercise include 
the palpatory method, the electrocardiogram (EcG), 
and HR monitors (HRMs), which have been widely 
used by researchers and coaches owing to the sim­
plicity of their application [7].

HRMs, although practical, are slowly being replaced 
by devices that offer all the functionalities expected 
in the modern life, allow social interactions and goal 
setting, and provide real­time feedback of an indi­

vidual’s performance [8]. this replacement is a result 
of the great technological advances of smartphones. 
currently, smartphones, in addition to their function 
as cell phones, are pocket­sized mini­computers with 
an extremely large number of applications and count­
less sensors such as accelerometers, global position­
ing systems, and travel speed detectors. smartphones 
have facilitated accessibility for the measurement of 
several physiological and biomechanical variables such 
as movement speed [9], jump height [10, 11], HR [12], 
blood pressure, and blood glucose [13]. Because of 
advancements in technology, the variety of applica­
tions available on digital platforms have increased the 
use of smartphones, allowing the measurement of 
physiological variables such as HR monitoring at rest 
and during physical exercise [5, 14]. HR data are col­
lected by video cameras that are accompanied by tools 
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that emit light beams to capture the bio­optical image 
reflection of the illuminated target tissue [15, 16].

For these measurements to be applied in the as­
sessment of health and physical performance compo­
nents, data must reflect the actual values of what they 
are intended to measure. therefore, the set, smart­
phone, and application must undergo psychometric 
analysis to determine the validity of the reported 
measurement. Previous studies have shown a strong 
correlation between the Instant Heart Rate® applica­
tion (v. 5.36.2819, Azumio Inc., Redwood city, UsA) 
and EcG in rest (r = 0.83) [17] and inconsistent correla­
tions during exercise, with r values varying between 
–0.09 and 0.81 for each exercise stage [18]. However, 
these studies were based on the iOs® operating system, 
which can be modified into other operating systems. 
On the other hand, another study used the intra­class 
correlation coefficient (Icc) to determine the validity 
of measurements before and after climbing stairs. 
the results showed a high degree of concurrent valid­
ity with the Polar® device (Icc > 0.90) for the measures 
pre­ and post­exercise, but there was no assessment 
during exercise [19].

thus, the purpose of the present study was to es­
tablish the validity of the Instant Heart Rate® applica­
tion (v. 5.36.2819, Azumio Inc., Redwood city, UsA) 
in the smartphone operating system of Android® and 
iPhone/iOs® for the measurement of HR during exer­
cise in university students.

Material and methods

Participants

the participants were selected for convenience; 
the group consisted of 48 individuals of both sexes 
(males: n = 24, females: n = 24; age: 21.7 ± 1.0 years; 
body height: 1.68 ± 0.10 m; body mass: 69.5 ± 11.4 
kg). data were collected at the Federal University of 
Pernambuco from January to October 2016. the in­
clusion criteria were as follows: subjects of both sexes, 
18–35 years of age, and physical education students. 
We did not include individuals who used drugs and/
or had diseases that caused changes in cardiovascular 
responses. the participants were instructed not to 
drink beverages containing caffeine or other stimu­
lants or relaxants of the sympathetic nervous system 
and not to perform vigorous exercise 24 hours before 
data collection. All individuals were informed about 
the procedures to be performed, as well as about the 
benefits and risks of the investigation before signing 
the informed consent form. the statistical power of 
the analysis was calculated by using the G*Power 

software (v. 3.1.7). An effect size of 0.4 with an  error 
probability of 0.05, a  error probability of 0.95, and 
actual power of 0.95 were determined.

Procedures

to establish the Instant Heart Rate® application 
validity, we conducted a cross­sectional and method­
ological study that was oriented towards determining 
the psychometric limits of the quality of the instrument. 
Only one visit was necessary to collect the data. An­
thropometric measures and resting HR were assessed, 
following which the subjects were submitted to an 
exercise session on a cycle ergometer with their HR 
measured by using an HRM and the Instant Heart 
Rate® application in the iPhone/iOs® and Lenovo/An­
droid® smartphones simultaneously.

Anthropometrics

to characterize the sample, body mass (balance by 
Filizola®, Brazil) and stature (stadiometer) measure­
ments were performed with a precision of 0.1 kg and 
1 mm, respectively. Body mass index was calculated 
from the ratio: body mass (kg) / stature (m)2.

Heart rate

the following 3 instruments were used for HR 
measurements: (1) HRM Polar® (Rs800cX, Electro 
Oy, Kempele, Finland); there is ample evidence that 
the pulse rate data obtained via Polar® devices are 
strongly correlated (0.85–0.99) with EcG and a typical 
error of measurement is 0.6 bpm compared with EcG 
[16, 17]; (2) iPhone 5.0 (iOs® 7.1); and (3) Lenovo Vibe 
K5 (Android® 5.0 Lollipop®). the measurement of HR 
by the HRM followed the manufacturer’s recommen­
dations as follows: the elastic band with the electrodes 
was humidified and adjusted to the chest, just below 
the pectoral muscles. the HR measurement with the 
smartphones followed the standardization of the In­
stant Heart Rate® application (Instant Heart Hate®, 
v. 5.36.2819, Azumio Inc., Redwood city, UsA).

data collection was initiated with the placement of 
the HRM elastic strip. the participant was then seated 
for 5 min to stabilize their HR. After stabilization, the 
subject sat on an ergometric bicycle. the familiarization 
with the HR measurement was performed through 
the brackets coupled to the cycle ergometer for the 
best hand support, which facilitated the HR reading 
(Figure 1). during this activity, HR collections were 
performed simultaneously via the 3 instruments.
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Exercise session

continuous exercise was performed on a cycle er­
gometer (Kikos®, HM 9090, Brazil) and was divided 
into 3 parts: a warm­up period (3 min); a self­selected 
activity (10 min); and a cool­down period (3 min). HR 
was measured each minute by using an HRM and 
the Instant Heart Rate® application on the iPhone/
iOs® and Lenovo/Android® smartphones simultane­
ously during the self­selected activity (Figure 2). We 
only considered the 10­min period of self­selected ac­
tivity to analysis, obtaining 10 measurements for each 
instrument.

statistical analysis

the descriptive analysis results are presented as 
means and standard deviations (SD). the shapiro­
Wilk test was used to determine the normality of the 

data. to establish the criterion­concurrent validity, 
a Pearson correlation test of the HRM was performed 
in order to determine the reference measurement. 
the effect size (ES) was applied for a complementary 
analysis. A Bland­Altman plot served to verify the 
agreement of data. For all analyses, statistical sig­
nificance of the results was accepted at p < 0.05. the 
sPss software (v. 20, IBM, UsA) was used for the 
analyses, and GraphPad Prism 5 (GraphPad, UsA) 
for the graphic design.

Ethical approval
the research related to human use has complied 

with all the relevant national regulations and institu­
tional policies, has followed the tenets of the decla­
ration of Helsinki, and has been approved by the Re­
search Ethics committee of the Federal University of 
Pernambuco (No. 1.097.611).

Figure 1. support to the fixed smartphone (A). Position of fingers on smartphone sensors for heart rate measurement (B)

Figure 2. study design
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Informed consent
Informed consent has been obtained from all in­

dividuals included in this study.

Results

table 1 shows the correlation (r) and ES values for 
each smartphone operating system (Polar® × Lenovo/
Android®, Polar® × iPhone/iOs®). the validity was es­
tablished by regression analysis between the criteri­
on measure of HRaverage and the HR measures of the 
smartphones, iPhone/iOs® and Lenovo/Android® 
(Figure 3). correlations were considered strong with 
the values of r = 0.87 (p = 0.001) and r = 0.98 (p = 
0.001) for the iPhone/iOs® and Lenovo/Android® smart­
phones, respectively. the determination coefficient (r2) 
indicates that the linear regression between the HR 
obtained by the HRaverage device and the iPhone/iOs® 
smartphone explained 75% of the collected data, and 
the regression between the HRaverage and the Lenovo/
Android® explained 95%. Both smartphones presented 
good validity for HR measurements during the exercise; 
however, the Lenovo/Android® smartphone showed a 
better result (Figure 3).

the Bland­Altman plot (Figure 4) shows the data 
concordance for the 2 operating systems (iPhone/iOs® 
and Lenovo/Android®). In analysing the prediction 
errors of the smartphones (Bias), we verified that the 
average error was 5 bpm (SD = 8.0 bpm) for the 
iPhone/iOs® and –0.7 bpm (SD = 3.4 bpm) for the 
Lenovo/Android® from the analyses performed by 
using the Bland­Altman plot. these values indicated 
that the iPhone/iOs® overestimated the measure, and 
the Lenovo/Android® underestimated the measure. 
Although the error was considered small for both in­
struments, the iPhone/iOs® smartphone presented 
a broad range of values related to the differences be­
tween the Polar® HR value and the HR from the iPhone/
iOs®, with a coefficient of variation of 62.5%. the 
Lenovo/Android® smartphone presented a better mea­

table 1. Reliability of HR measurement instruments

Reliability 
analysis

Icc ES classification

Lenovo/Android®

HR 0.98 (0.94; 0.99) 0.00 trivial

iPhone/iOs®

HR 0.99 (–0.95; 0.99) 0.00 trivial

HR – heart rate, Icc – intra­class correlation coefficient, 
ES – effect size

A

A

B

B

Figure 3. Linear regression between HR Polar® mean 
with HR iPhone/iOs® mean (A) and with HR Lenovo/

Android® mean (B)

Figure 4. Bland­Altman plot of HR Polar® mean  
with HR iPhone/iOs® mean (A) and with HR Lenovo/

Android® mean (B)
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surement with a 20% variation, which showed greater 
homogeneity and less dispersion than the iPhone/iOs®. 
For both instruments, the mean error reported does 
not seem to compromise several measures that use 
HR as a parameter.

At the moment of analysis, both operating systems 
presented ES values between trivial and moderate 
and we observed a high validity for most of the evaluat­
ed moments. However, when comparing the validity 
of iPhone/iOs® with that of Lenovo/Android®, we no­
ticed that there was greater agreement of the applica­
tion for the device with the Lenovo/Android® system. 
the first moments for the 2 appliances were classified 
with a moderate ES, which could not identify the cause.

Discussion

We analysed HR validity obtained through smart­
phones with iPhone/iOs® and Lenovo/Android® oper­
ating systems with the help of the Instant Heart Rate® 
application. the present study is the first study to pro­
vide data regarding the validity of HR measurements 
obtained through smartphones without accessory 
dependence (thoracic band). Previous research [17, 18, 
20, 21] has already validated the measurement of HR 
variability by using smartphone applications, including 
the study by Esco et al. [14], in which the correlation 
between a smartphone finger pulse sensor and EcG 
was verified in 3 different positions (supine, sitting, and 
standing) during rest, with r = 0.98. Another study 
correlated the same measurements in other conditions 
(sitting, reading, videogame) and found no differences 
between smartphone results when compared with EcG, 
presenting r = 0.99 [22]. these studies evaluated only 
the correlation with the operating system of iPhone/iOs®.

However, to perform these evaluations, accessories 
must be connected to the smartphone, which reduces 
the practical applicability of the measurement and in­
creases the cost. In this study, there was no need for 
accessories to measure HR because of the structure 
of the smartphones, in which the video cameras are 
accompanied by tools that emit light beams. this 
construction allows to identify the reflection of the 
bio­optical image where the light source illuminates 
the target tissue and the emitted signal is detected by 
the smartphone camera [15, 16]. this same mecha­
nism is used by photoplethysmography, which is a non­
invasive technique that detects changes in blood vol­
ume during a cardiac cycle and is normally used in 
peripheral regions of the body [16, 23, 24].

the HR measurement has a relevant impact dur­
ing decision making for workload adjustment during 

exercise. that way, its precision should be considered 
as a sugnificant issue to be considered, especially for 
clinical populations. Utilizing the results of the present 
study to simulate the iPhone/iOs® estimation error in 
equations proposed by the American college of sports 
Medicine [25], we verified that a variation of 13 bpm 
in the measurement of maximum HR altered the speed 
by 0.8 km ∙ h–1 on the treadmill, and a variation of 
8 bpm altered the speed by 0.5 km ∙ h–1.

the application validated in this study presents 
itself as a new and easy tool for HR measurement. In 
addition, it is important to emphasize that mobile tech­
nology has become efficient in offering the possibility 
to monitor physiological variables both in ambulatory 
conditions and in exercise, thus contributing to the 
practical usefulness of this measurement since several 
applications available free recommend the use of HR 
for prescription and training monitoring and in most 
cases it is necessary to purchase Bluetooth tapes that 
have a higher cost. In addition, new applications that 
monitor HR during exercise or utilize it to perform 
maximal oxygen uptake predictive tests, for example, 
can use the platform as a base. With this, validating 
this application can promote a large scale HR employ­
ment, since the vast majority of the population already 
have smartphones and would not need to acquire new 
equipment.

some limitations of the present study must be ex­
plained. the HR measurement may vary depending 
on the model of the smartphone and should be used 
with caution with other devices because there are 
variations in smartphone models regarding both the 
resolution of the camera and the intensity of the light 
beam (flash), which influences the accuracy of the 
HR measurement [15]. In addition, it is not possible to 
infer whether the differences in the results associated 
with the systems are caused by differences between 
the models or between the devices used. Finally, it is 
important to point out that the present study was con­
ducted in a laboratory with a controlled temperature 
of 22°c. Further studies are needed to investigate the 
accuracy of measurement at other temperatures.

Conclusions

We conclude that HR measurement, despite having 
become popular, continues to be limited to a signifi­
cant population share. the results of the present study 
promote practical applications for coaches, clinicians, 
and physical exercise practitioners, who commonly 
use HR measurements for prescription and monitoring 
exercise in fitness and/or clinical contexts. Profession­
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ally controlled HR can be run efficiently on smart­
phones through the Instant Heart Rate® application 
with the iPhone/iOs® or Lenovo/Android® operating 
systems. In addition, the results will expand the use of 
this measure for people without access to HRMs, espe­
cially for populations that present some sensibility or 
cognitive impairment for information processing by 
mathematical strategies.
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