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BACKGROUND: Pulse oximeters are used to measure SpO2
and pulse rate. These devices are ei-

ther standalone machines or integrated into physiologic monitoring systems. Some smartphones

now have pulse oximetry capabilities. Because it is possible that some patients might utilize this

technology, we sought to assess the accuracy and usability of smartphone pulse oximeters.

METHODS: This was a prospective, observational study that involved noninvasive measure-

ments of SpO2
and heart rate with 3 devices: Masimo Radical-7, Kenek Edge with the Apple

iPhone 6S, and the Samsung S8 smartphone. Ambulatory adult patients visiting our institution’s

pulmonary function lab for a 6-min walk test were eligible to participate in the study. Pretest

and posttest results for each subject were obtained simultaneously using all 3 devices. All results

were analyzed with the Spearman rho correlation test, and Bland-Altman plots were used to

assess the agreement of measures between the devices. RESULTS: Forty-seven subjects were en-

rolled in the study, with pulmonary hypertension (30%) and COPD (23%) being the 2 major

diagnoses. The mean 6 SD difference between the Masimo and Apple devices for pretest SpO2

was 2.3 6 2.4%, and the difference for posttest SpO2
was 2.1 6 3.9%. The mean difference

between the Masimo and Samsung devices for pretest SpO2
was 3.2 6 2.8%, and the difference

for posttest SpO2
was 2.4 6 3.5%. The number of subjects who were unable to obtain SpO2

was

higher with the Samsung device than with the Apple device in both pretest (14 of 47 vs 3 of 47)

and posttest (17 of 47 vs 5 of 47). In contrast, the Masimo device was able to measure SpO2
in all

subjects. CONCLUSIONS: Smartphone pulse oximeters were unreliable compared to a hospital

pulse oximeter. Further research is needed with evolving technology to better understand smart-

phone pulse oximetry. (ClinicalTrials.gov registration NCT03534271.) Key words: smartphone;
heart rate; SpO2

; hypoxemia; 6-min walk test; monitoring; pulse oximetry. [Respir Care 2021;66(3):384–
390. © 2021 Daedalus Enterprises]

Introduction

Pulse oximeters are commonly used medical devices that

are utilized for monitoring SpO2
and measuring heart rate.

Clinicians use these devices in a hospital or clinical setting

to monitor the effects of oxygen therapy or to detect the

presence of hypoxemia in a quick and noninvasive man-

ner. Pulse oximeters are either standalone devices or

integrated into complex physiologic monitoring sys-

tems.1 While frequently utilized by medical professio-

nals, pulse oximeters are also available to the general

public for use as a monitoring device, particularly for

patients with COPD, asthma, pulmonary hypertension,

and other respiratory conditions.2 Non-medically trained
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individuals may use this technology as a monitoring tool

for conditions such as dyspnea, sleep apnea, or cardiac

arrythmias.3 While home pulse oximetry is potentially

useful, a potential barrier to its use is expense, especially

for those with limited resources.4

Recently, camera-based pulse oximetry applications

(apps) have been embedded in smartphones to enable

individuals to monitor SpO2
and heart rate from their

personal devices. In addition, portable, external pulse

oximeters that are compatible with smartphones have

been produced. This provides additional access to pulse

oximetry for many individuals, as smartphones are

common in many industrialized countries.4 Some stud-

ies have shown this technology to be promising, and in

cases involving healthy subjects, it was found to be

noninferior to standard pulse oximetry devices.2-7

Tomlinson et al2 evaluated the accuracy of 2 different

smartphone-based pulse oximetry apps (probe-based

and camera-based) in healthy pediatric subjects. They

reported that probe-based apps were more reliable and

precise than camera-based apps. They pointed out that

future studies should be conducted in hypoxemic

patients to assess the accuracy with desaturations.2

Currently, the U.S. Food and Drug Administration

does not regulate smartphone-integrated health-related

apps, and the accuracy of pulse oximetry apps in hypoxe-

mic patients is unknown.2 This is concerning because

device inaccuracies could provide false information

that may lead to an improper or unnecessary reaction.

Smartphone manufacturers include disclaimers specifi-

cally stating that the applications are not intended for use

in disease diagnosis or are not intended for use as medi-

cal devices. However, because it is possible that some

individuals could utilize this technology for home use or

remotely, we sought to assess smartphone pulse oxi-

meters in subjects at risk for hypoxemia. The purpose of

this study was to evaluate the reliability and usability 2

smartphone pulse oximeters in adult subjects undergoing

a 6-min walk test (6MWT), with comparisons made to a

standard pulse oximeter used in a pulmonary function

laboratory.

Methods

This study was a single-center observational study con-

ducted in an out-patient pulmonary function test laboratory

at Rush University Medical Center, a large urban academic

medical center in Chicago, Illinois. The study was approved

by the institutional review board. Consent was waived as

the study involved minimal risks to the subjects and the in-

formation obtained from the mobile devices was not used

to make clinical decisions.

Adult subjects who were ambulatory and scheduled to

perform a 6-min walk test in the pulmonary function test

lab were included. Patients were excluded from the study if

any of the following criteria were met: (1) unable to per-

form the study due to institutional standards, such as blood

pressure > 180/90 mm Hg or < 70/50 mm Hg; were light-

headed, dizzy, experienced syncope, or had severe head-

aches; SpO2
was # 85% on supplemental oxygen; or if

patients were on oxygen > 4 L/min; (2) patient had a

known gait issue that may result in a fall, or patient required

the use of a walker but did not bring it. Demographic infor-

mation, including age, race, gender, and weight, were col-

lected. If the test was terminated, all measurements were

recorded at the time of termination and the reason for termi-

nation was recorded.

Pulse rate and SpO2
were measured using an Apple

iPhone 6S (Apple, Cupertino, California) with an attached

external finger probe pulse oximeter (Kenek Edge,

LionsGate Technologies, Vancouver, Canada) (Fig. 1), a

Samsung S8 (Samsung Electronics, Seoul, South Korea)

with a built-in pulse oximeter (Fig. 2), and a Masimo pu-

lse oximeter with a forehead probe (Masimo, Irvine,

California). The Samsung pulse oximetry app is a built-in

app (Samsung Health) with no additional cost. The Kenek

Edge used with the Apple iPhone is an external device pur-

chased from the stated manufacturer; the cost of device is

approximately $39.95. Measurements for smartphone pulse

oximeters were collected immediately before and after

6MWT using the same finger or arm when possible.

Measurements were collected with all 3 devices simultane-

ously. Pretest and posttest results were obtained for each

subject. When devices failed to provide a heart rate or SpO2

value, it was recorded as “unable to obtain.”

QUICK LOOK

Current knowledge

Pulse oximeters are noninvasive medical devices that

monitor SpO2
and pulse rate. Current evidence suggests

that smartphone pulse oximetry may be accurate in

healthy individuals. The reliability of these devices in

patients at risk for hypoxemia is not known.

What this paper contributes to our knowledge

In subjects at risk for hypoxemia, smartphone pulse

oximetry technology was unreliable when compared

to a medical pulse oximeter. Smartphone pulse oxi-

meters were unable to consistently detect and dis-

play measured pulse rate and SpO2
values. They also

measured SpO2
consistently lower than the hospital

pulse oximeter. Smartphone pulse oximetry devices

cannot be recommended as a replacement for medi-

cal oximeters.
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Standard disinfection policies were applied, personal

protective equipment was worn according to institution

guidelines, and the approved protocol was followed at all

times. Subject safety and privacy was addressed throughout

the study.

Statistical Analysis

The Kolmogorov-Smirnov statistic test was used to test

the normality of distribution for considered variables.

Continuous variables were expressed as mean6 SD or me-

dian (interquartile range), depending on the normality of

distribution. Before and after variables in each device were

compared with a paired t test or Wilcoxon signed-rank test.

The Spearman rho correlation coefficient was used to mea-

sure the relationship between devices. Bland-Altman plots

were used to compare the agreement in SpO2
measurements

between the different devices.8 The upper and lower limits

of agreement were set at6 1.96 SD of the mean difference,

as is the norm for Bland-Altman plots, signifying the 95%

CI. P < .05 was considered statistically significant. Data

analysis was conducted with SPSS 23.0 (SPSS; Chicago,

Illinois).

Results

During the study period, 47 subjects were enrolled, and

they completed the study with no adverse events. The

Masimo device was able to record pretest and posttest heart

rate and SpO2
on all 47 subjects.

Subjects’ Demographic Information

Among the 47 subjects (11 male), 26 (55%) were African-

American and 13 (28%) were white. The major diagnoses in

the subjects were pulmonary hypertension (30%) and COPD

(23%) (Table 1). Other diagnoses included asthma (4%),

congestive heart failure (9%), pulmonary fibrosis (6%), and

renal disease (9%). Fourteen subjects (30%) used oxygen at

home, and 4 subjects terminated the 6MWT early. The me-

dian age was 69 y (IQR 57–76).

Ability to Measure Heart Rate and SpO2

The Apple device was able to record the pretest and

posttest parameters of heart rate and SpO2
in 44 and 42 sub-

jects, respectively. The Samsung device was able to record

pretest and posttest parameters of heart rate and SpO2
in 33

and 30 subjects, respectively (Table 2). The number of sub-

jects who were unable to obtain SpO2
measures was higher

with the Samsung device than with the Apple device in

both pretest (14 of 47 vs 3 of 47) and posttest (17 of 47 vs 5

of 47) measurements.

Pulse Rate Measurements

For the pre-6MWT pulse rate measurements, there

was a strong positive correlation between the Masimo

Fig. 1. Kenek Edge with Apple iPhone 6S.

Fig. 2. Samsung S8.
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device and the Apple device (n ¼ 44, r ¼ 0.98, P <
.001). There was a strong positive correlation between

the Masimo device and the Samsung device (n ¼ 33,

r ¼ 0.98, P < .001).

For the post-6MWT pulse rate measurements, there was

a strong positive correlation between the Masimo device

and the Apple device (n ¼ 42, r ¼ 0.92, P < .001). There

was also a strong positive correlation between the Masimo

device and the Samsung device (n ¼ 30, r ¼ 0.890, P <
.001).

SpO2
Measurements

For the pre-6MWT SpO2
measurements, there was a

moderate positive correlation between the Masimo device

and the Apple device (n ¼ 44, r ¼ 0.72, P < .001). There

was also a moderate positive correlation between the

Masimo device and the Samsung device (n ¼ 33, r ¼ 0.62,

P< .001).

For the post-6MWT SpO2
measurements, there was a

moderate positive correlation between the Masimo device

and the Apple device (n ¼ 42, r ¼ 0.66, P < .001). There

was a moderate positive correlation between the Masimo

device and Samsung device (n¼ 30, r¼ 0.67, P< .001).

Bland-Altman Analysis

Bland-Altman plots were used to demonstrate the

agreement between the Masimo device SpO2
measure-

ments and the Apple device SpO2
measurements before the

6MWT (Figure 3A). The mean difference or bias between

the devices was 2.3 6 2.4%, and the limits of agreement

ranged from –2.4% to 7.0%. The mean difference or bias

between the pre-6MWT Masimo device SpO2
measure-

ments and the Samsung device SpO2
measurements

(Figure 3B) was 3.2 6 2.8%, and the limits of agreement

ranged from –2.3% to 8.7%. The Masimo device measures

SpO2
consistently higher than both the Apple and Samsung

devices.

Bland-Altman plots were also used to demonstrate the

agreement between the Masimo device SpO2
measure-

ments and the Apple device SpO2
measurements after the

6MWT (Figure 4A). The mean difference or bias between

the devices was 2.1 6 3.9%, and the limits of agreement

ranged from –5.5% to 9.7%. The mean difference or bias

between the post-6MWT Masimo device SpO2
measure-

ments and the Samsung device SpO2
measurements

(Figure 4B) was 2.4 6 3.5%, and the limits of agreement

ranged from –4.5% to 9.3%. The Masimo device

Table 2. Summary of Calculated Values for 3 Devices

Masimo Samsung P* Apple P#

Pretest pulse rate, beats/min 74 (66–90) 76.6 6 14.4 .032 75.5 6 14.4 .60

76 (66–89.5) 74 (64–87)

Pretest SpO2
, % 98 (96– 99) 93.6 6 3.5 < .001 95.5 (93.3–97.8) < .001

94 (92–96)

Posttest pulse rate, beats/min 82 (69–102) 84.9 6 16.1 .87 84 6 16 .93

82 (70.8–99) 81 (70–100)

Posttest SpO2
, % 98.0 (96.0–99.0) 95.5 (92.5–98.0) .001 97.0 (93.5–98.0) < .001

Data are presented as mean 6 SD or median (interquartile range).

* Samsung versus Masimo.

#Apple versus Masimo.

Table 1. Subject Demographics

Parameter Value

Gender

Female 36 (77)

Male 11 (23)

Oxygen use at home 14 (30)

Race

Black/African-American 26 (55)

White/Caucasian 13 (28)

Hispanic/Latino 6 (13)

Asian 2 (4)

Diagnosis*

Other 20 (43)

Pulmonary hypertension 14 (30)

COPD 11 (23)

Asthma 2 (4)

Congestive heart failure 4 (9)

Renal disease 4 (9)

Pulmonary fibrosis 3 (6)

Cancer 1 (2)

Bronchiectasis 1 (2)

Weight, kg 84 (67–105)

Age, y 69 (57–76)

Data are presented as n (%) or median (interquartile range). *Some subjects had multiple diagnoses.
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consistently measured SpO2
higher than both the Apple

and Samsung devices.

Discussion

There is a wide variety of smartphones available that

have the capability to manage and track personal medical

information through apps. Smartphone pulse oximetry

apps make it simple for individuals to monitor their heart

rate and SpO2
at home or remotely. Many individuals who

utilize home oxygen or who have chronic lung disease

may find it useful and convenient to manage their daily

activities by monitoring SpO2
and heart rate through smart-

phone pulse oximeters. Thus, this study was necessary to

determine whether data obtained from smartphone apps

can be useful.

To our knowledge, this is the first study to assess smart-

phone pulse oximetry technology in subjects at risk for hy-

poxemia in a pulmonary function lab. Tomlinson et al2

assessed healthy pediatric subjects using smartphone apps,

and Alexander et al7 studied healthy adult populations.

Both studies reported that smartphone pulse oximeters

were accurate, although the accuracy in hypoxemic subjects

remained unknown.
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In a more recent study, Tayfur and Afacan3 sought to

evaluate the accuracy of smartphone measurements of SaO2

and heart rate compared to an arterial blood gas analysis

machine (for SaO2
) and a vital sign monitor (for heart rate)

in an emergency department setting. Similar to our study,

they used the Samsung S8 smartphone device. They ana-

lyzed data from 101 subjects in various disease groups,

with approximately 42% of their subjects included in the

pulmonary disease group. They concluded that the smart-

phone values were consistent with the reference devices.3

The authors noted that advances in technology may be

improving smartphone pulse oximetry.

Smartphone manufacturers include disclaimers that specifi-

cally state that the apps are not intended for use in disease diag-

nosis (https://www.samsung.com/us/samsung-health. Accessed
January 3, 2020), or are not for use as medical devi-

ces, intended only for sports, aviation, and recreational uses

(https://lgtmedical.com/kenek/edge.html. Accessed January 3,
2020). Despite the disclaimers, individuals may still opt

to use the technology to monitor their heart rate and

SpO2
. The results of our study support the disclaimers of

the smartphone manufacturers, namely that smartphone

pulse oximetry should not be used for medical purposes.

Our study showed that measurements were completely

undetected by smartphones (documented as “unable to

obtain”) in some subjects, but these measurements were

obtained with the Masimo device pulse oximeter. In

some individuals, the smartphone devices took longer to

display values compared to the Masimo device.

Interestingly, heart rate values obtained from both devi-

ces correlated strongly with the Masimo device. We

acknowledge that the devices do read SpO2
accurately in

some subjects. However due to the inconsistency of

results, specifically the “unable to obtain” values, and

because the smartphone devices read consistently lower

than the Masimo device both before and after the

6MWT, we cannot recommend these devices for use in

patients at risk for hypoxemia.

Pulse oximeters have known limitations due to low per-

fusion, skin pigmentation, intravenous dyes, motion arti-

facts, nail polish, and dyshemoglobins.1,9 At this time, it is

uncertain what factors, if any, affect the reliability of smart-

phone pulse oximetry. Further research is suggested for

patients with lung or cardiac disease who may have condi-

tions affecting blood flow to the fingers to assess whether

skin deformities impact reliability of smartphone pulse oxi-

metry technology.

There are several limitations to this study. First, this was

a single-center study with only 47 subjects. The sample

size limitation prohibits an evaluation of how smartphone

pulse oximetry functions in various disease states. Second,

the time between measured parameters was inconsistent.

While values were collected simultaneously, the 3 devices

displayed results at different times. We noticed during the

study that the camera-based technology had a longer read

time before results were displayed. We are unsure what

impact, if any, that had on our results. We were unable to

use the same hand due to the bulkiness of the finger

probes and smartphone devices. The forehead probe was

used as a standard (control) model, and upper extremities

were used as the study measure. Finally, SaO2
was not used

in our study because arterial blood gas samples were not

drawn immediately before or after the 6MWT. Calculating

the root mean square of the differences between the meas-

ured and actual values is the reporting standard used by the

Food and Drug Administration. This variable reflects the ac-

curacy of pulse oximetry devices, but it requires arterial

blood oximetry.10 As more of the population relies on smart-

phones for medical monitoring, future investigation that

determines device accuracy based on clinical standards is

essential.

Conclusions

The results of our study indicate that smartphone pulse

oximeters are not a reliable way to obtain heart rate and

SpO2
measurements in patients who are at risk for hypoxe-

mia. We agree with the manufacturers that these devices

should not be used as medical devices at this time. External

probe-based technology was found to be more reliable than

camera-based technology, but this finding warrants more

investigation. Further studies evaluating smartphone pulse

oximeters compared to hospital-grade finger-probe oxi-

meters and compared to blood oximetry are recommended.

Also, as smartphone technology continues to improve, stud-

ies to assess accuracy and reliability in various disease

states are warranted.
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