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Objective: Oxygen saturation is an important parameter for the follow-up of Chronic Obstructive Pulmonary Disease (COPD) 
patients. Pulse oximeters are the most common non-invasive way to assess peripheral blood saturation. Invasive way for this is blood 
gas analyses. Smart watches are actually developed as sports and physical activity watches in order to be used in daily routine by 
assessing vital parameters such as heart rate, blood pressure and oxygen saturation. In this sense, they can help better monitoring for 
patients with COPD on the other hand accuracy of these devices is the major concern.
Background: This study aims to evaluate the correlation of oxygen saturation assessed by smart watch, pulse oximetry and blood gas 
analyses in COPD patients.
Methods: This is a cross-sectional study evaluating the pulse oximetry technology of smart watch by comparing it real time oxygen 
saturation measurements of conventional pulse device and arterial blood gas (ABG) analysis in 100 patients with COPD.
Results: A moderate correlation was found between oxygen saturation levels obtained by smart watch, pulse oximetry and ABG.
Conclusion: Smart watches are really smart. Thus, COPD patients can use smart watches to measure oxygen saturation levels in their 
daily lives. However, SpO2 measurements should be tested in other patient groups and also different degrees of COPD.
Keywords: smart watch, arterial blood gas, COPD, oxygen saturation, pulse oximetry

Introduction
Smart watches, which aim to provide a better assessment and information about people’s general physical health, are 
actually developed as sports and physical activity watches. However, vital parameters such as heart rate, blood pressure, 
oxygen saturation (SpO2) can also be used as parameters for monitoring some diseases.1–4 Daily or continuous 
measurements would be a simple way for long-term monitoring of patients with chronic diseases and increasing their 
awareness of their disease status.2–4 However, the accuracy and reliability of the measurement results of these frequently 
used devices is an important problem. It is stated in the user manual of smart watches that blood oxygen measurements 
are designed to monitor general fitness and healthy life.1–3 However, SpO2 is an important parameter for controlling 
respiratory and circulatory function and is particularly important for Chronic Obstructive Pulmonary Diseases (COPD) 
patients who may derive health benefits from daily measurements.
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By 2030, the third leading cause of death worldwide is known to be COPD and patients with COPD may suffer from 
low blood oxygen concentrations and hypoxaemia may worsen with increasing disease severity.1,2,4 Pulse oximetry 
which is used to assess peripheral blood SpO2 is a non-invasive method. Spot control SaO2 measurements with 88–92% 
thresholds are recommended for detection of hypoxaemia.2,4 Additionally, despite the great accuracy of pulse oximetry in 
measuring oxygen saturation when SpO2 > 90%, studies have shown that ABG, although an invasive method, is the gold 
standard for evaluating clinical parameters in all circumstances.5,6

Smart watches can help better monitoring for patients with COPD and provide valuable informations to treating 
doctors. Furthermore, treatment adjustments can be initiated quickly without delaying oxygen needs until the next visit. 
Low SpO2 throughout the day during the periods of physical activity, stress and sleep can be monitored with smart watch 
tracking. It provides the possibility to collect SpO2 data at higher time frequencies and over longer time periods. This 
makes it possible to assess and account for SpO2 fluctuations in patients with COPD.2,5–12 In this sense, they can help 
better monitoring of patients with COPD on the other hand accuracy of these devices is another concern. It is an 
important step to evaluate the agreement between oxygen saturation measured by a smart watch, pulse oximeter, and 
blood gas analysis in COPD patients, and thus to assess whether the data obtained from the smart watch is reliable for 
daily clinical applications. Up to our knowledge, there are studies showing the compatibility between smart watches and 
pulse oximeter O2 saturation,2–4,9 however studies comparing the gold standard ABG are very recent and few.5,6,11

The aim of this study was to compare the agreement of SpO2 measured using the smart watch with blood gas and 
pulse oximetry SpO2 measurements obtained simultaneously from patients with COPD.

Materials and Methods
Study Design
The study was a cross-sectional study conducted between 01.01.2023–30.06.2023 in Kütahya Health Sciences University 
Evliya Çelebi Training and Research Hospital Department of Chest Diseases. Blood SpO2 values of the patients 
measured by different methods (smart watch, pulse oximetry, ABG) were compared.

Study Sample
A total of 100 COPD patients hospitalised in the Chest Diseases Clinic of Kütahya Health Sciences University Evliya 
Çelebi Training and Research Hospital were included. Intensive care patients, severely hypoxic patients (SpO2<70%), 
patients whose wrist could not be used, and patients who could not be adapt with a smart watch were excluded from the 
study.

SpO2 Measurement
Routine SpO2 measurement was performed with a finger pulse oximeter with the left arm on the table while the patients 
were resting and sitting, blood SpO2 measurement was performed simultaneously with a smart watch placed on the wrist 
of the same arm of the patient, and arterial blood gas was taken simultaneously from the same wrist by an experienced 
pulmonologist.

“Beurer PO 30 brand pulse oximeter” was used in the measurements and the measurement range of this device, which 
is manual, mobile and sensorised, is 0–100%. At the same time, Huawei Band 7 smart watch was used. Four LED 
clusters emitting green, red and infrared light were placed on the back of the smart watch. The smart watch calculates 
SpO2 based on the measured ratio of light reflected at different wavelengths. Blood gas measurements were taken in 
arterial blood gas injectors containing lithium heparin and the samples were measured in the Biochemistry laboratory 
using a Radiometer cassette-based ABL90 Flex analyser and the results were given as %.

Statistical Analysis
A sample volume of at least 100 was calculated with a 95% confidence interval, effect size: of 0.5, and power of the 
study: 0.80.6,7
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The Statistical Package for Social Sciences version 20 (IBM, Armonk, NY, USA) was employed to statistically 
analyze the results. Categorical variables were expressed as number and percentage, and measurable variables were 
expressed as mean, minimum, maximum and standard deviation. The conformity of the measured variables to normal 
distribution was tested by Kolmogorov–Smirnov test.

Two-way randomised intraclass correlation coefficients (ICC) with absolute agreement were used to summarise the 
relationship between SpO2 levels measured by fingertip pulsoximetry, ABG and smart watch. By taking the gold standard 
ABG SpO2 measurement results, The Bland-Altman method was performed to assess the agreement between the methods 
used in the study. Linear regression analysis was used to test whether there was a statistically significant bias among the 
measurements. All p values less than 0.05 at 95% confidence interval were considered to indicate statistical significance.

Results
The mean age of 100 COPD patients was 70.7 ± 8.5 years (min: 47–max: 91) and 85% were male. Congestive heart failure was 
present in 10%, diabetes mellitus in 30%, hypertension in 43%, hyperlipidaemia in 7% and cerebrovascular events in 2%. 
According to COPD severity, 33.0% is group A, 11.0% is group B, 56.0% is group E, and 41% had a CAT score of 10 or 
higher. Mean SpO2 values were 91.9±5.2 (min: 72–max: 99.3) for ABG measurements, 92.4±3.8 (min: 80–max: 98) for pulse 
oximetry and 93.7±3.8 (min: 83–max: 99) for smart watch (Table 1).

A moderate correlation was found between smart watch and blood gas SpO2 measurements (ICC: 0.502, p: 0.004). Bland- 
Altman analysis revealed a mean error of −1.79% between the watch and blood gas, with limits of agreement ranging from 
−7.43% to 4.87% (SD: 5.54). Blood gas tends to measure lower SpO2 levels than the smart watch (Figure 1). According to the 

Table 1 Sociodemographic and Clinical Characteristics of the Patient Group

n (%) Mean±SD (min–max)

Gender

Female 15 (15.0)
Male 85 (85.0)

Chronic Diseases
Congestive heart failure 10 (10.0)
Diabetes mellitus 30 (30.0)

Hypertension 43 (43.0)
Hyperlipidaemia 7 (7.0)

Cerebrovascular events 2 (2.0)

COPD groups

A 33 (33.0)
B 11 (11.0)

E 56 (56.0)

Smoking Status

Never-smoker 22 (22.0)
Active-smoker 78 (78.0)

Age 70.7 ± 8.5 (min:47–max:91)

BMI 25.53±5.21 (min:15.7–max:46.9)

CAT score 8.75 ± 2.4 (min:4–max:14)

Mean SpO2

ABG 91.9±5.2 (min:72–max:99.3)

Pulse oximetry 92.4±3.8 (min:80–max:98)

Smartwatch 93.7±3.8 (min:83–max:99)
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linear regression analysis, it was determined that there was no statistically significant bias between blood gas and smart watch 
measurements and that two methods provided compatible measurements (R2: 0.102, p: 0.067).

Bland-Altman analysis showed that the absolute mean difference in SpO2 between the blood gas and pulse oximetry 
was 0.52%, with limits of agreement ranging from −8.54% to 9.58% (SD: 4.62). Fingertip pulse oximetry tends to 
measure lower SpO2 levels than smart watch pulse oximetry (Figure 2). A moderate correlation was found between 
blood gas and pulse oximetry SpO2 measurements (ICC: 0.659, p: 0.001). According to the linear regression analysis, it 
was determined that there was no statistically significant bias between blood gas and pulse oximetry measurements and 
that two methods provided compatible measurements (R2: 0.123, p: 0.059).

Discussion
COPD is a chronic respiratory disease causing major morbidity and also mortality as the third leading cause of death 
worldwide.13 Respiratory failure is one of the most serious complications of COPD that may cause mortality and hypoxemia is 
a reliable parameter that indicates respiratory failure in patients with COPD.10,14 Additionally, the quality of life of hypoxemic 
patients is seriously impaired. Since symptom variability is seen at a rate as high as 50%, monitorization of SpO2 is vital which 
is a significant and convenient parameter for the assessment of clinical status of patients.11,12,15

In clinical practice, the presence of hypoxemia can be assessed by various methods however the most commonly used 
non-invasive and practical way to assess SpO2 is pulse oximetry.16 Pulse oximetry-based SpO2 measurement is an 
effective method that can be used both in hospitalized and ambulatory patients with lung disease.15,16

Conventional pulse oximetry technology is a non-invasive, reliable and cost-effective alternative to arterial blood gas 
analysis which is an invasive way.11 Additionally, smart watches use the standard pulse oximetry technology to assess 
peripheral oxygen saturation.

Figure 1 Bland-Altman plot for deviation and limits of agreement between smart watch and blood gas measured SpO2.
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It is a known fact that smart watches are not produced as medical devices. But today they became very popular in digital 
health field because smart watch pulse oximetry applications are easy to use in daily routine. Healthy individuals and most 
importantly patients especially with chronic pulmonary diseases who use household oxygen can monitor their SpO2 using 
smart watches both at home and outside also may find it more convenient than the commercial pulse oximeters.17 Additionally, 
continuous monitoring of blood oxygen saturation can be of great benefit for patients using oxygen therapy.7

In literature, there are several studies showing that smart watch pulse oximeters were accurate in comparison with 
pulse oximetry devices5,11,17 Although their widespread use for digital health information and despite the existence of 
studies supporting their reliability, accuracy of the data is still the major concern for smart watches.

In our study, a moderate correlation was found between saturation values of arterial blood gas and pulse oximetry when 
compared to fingertip pulse oximetry and blood gas also there was a moderate correlation between smart watch and blood gas 
saturation measurements. Similarly, it was determined that there was no statistically significant difference between the three 
methods applied simultaneously and that measurements were consistent with arterial blood gas which is the gold standard.

According to our knowledge, there are currently a few studies showing the validation of SpO2 function of smart 
watch with arterial blood gas analysis.5,6,11 In this meaning, our study is one of the rare studies simultaneously comparing 
the accuracy of SpO2 measured by using the smart watch with blood gas measurements in patients with COPD.

On the other hand, most of our study population was consisted of COPD patients with low symptom score and 
severely hypoxemic patients are excluded from the study. So there may be a tendency to present higher values of SpO2 

average which was more than 90% and this may have affected the results. Since our study group has had high SpO2 

values, a statistically significant bias may not have emerged between the measurements. SpO2 measurements should be 
tested in other patient groups and at different levels of COPD.

In conclusion, it seems that smart watches are really smart and therefore COPD patients can use smart watches to 
measure SpO2 levels in their daily lives by consulting their doctors. However, it should not be forgotten that smart 
watches may not be applicable in outpatient settings until these devices are approved for medical use by FDA. Thus, the 
results of future studies with different brands and larger study populations are important in this respect.

Figure 2 Bland-Altman plot for deviation and limits of agreement between pulse oximetry and blood gas measured SpO2.
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Limitations
There are some limitations of our study. For instance, our study population was small, a single brand smart watch was used and 
of course smart watch technology continues to improve day by day. In addition, our study group has had high SpO2 averages 
which may have made it easier to obtain measurements and this may be a limitation of the study in terms of generalisation.
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