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Abstract

Background: Hypertension is a significant risk factor for cardiovascular diseases and premature mortality, with its prevalence
increasing due to population aging and lifestyle factors. Accurate measurement of blood pressure (BP) and arterial oxygen
saturation is crucial for disease prevention and monitoring, and wearable devices have emerged as a promising alternative.
However, their clinical reliability requires validation, particularly in older populations.

Objective: The aim of this research was to evaluate and compare the measurement of BP and arterial oxygen saturation in
older people using a smartwatch in comparison with reference devices.

Methods: We recruited 50 participants aged between 50 and 89 years (mean 70.60, SD 12.03 y), including 34 female
participants and 16 male participants. A total of 3 BP measurements were taken simultaneously using the smartwatch and
an ambulatory BP monitoring device (reference device). Arterial oxygen saturation was measured simultaneously using the
smartwatch and the oximeter. The paired-sample 7 test (2-tailed) was used to compare variables, and the intraclass correlation
coefficient (ICC) was used to verify the correlation.

Results: When averaged values were considered, no significant differences were observed between the Samsung Galaxy
Watch 6 and the reference device for systolic BP (P=.31) or diastolic BP (P=.88), with good agreement for both parameters
(systolic BP ICC=0.88; diastolic BP ICC=0.88). Arterial oxygen saturation showed no significant difference between devices
(P=.10), with moderate agreement (ICC=0.68). Heart rate measurements also showed no significant differences between
devices (P=.54), demonstrating good agreement.

Conclusions: The Samsung Galaxy Watch 6 demonstrated acceptable agreement with reference devices for BP and arterial
oxygen saturation measurements in older adults without decompensated clinical conditions, evaluated under controlled resting
conditions. These findings indicate that the device provides reliable measurements within this specific population and context
when measurements are obtained under standardized and physiologically stable conditions.
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Introduction

Elevated blood pressure (BP) stands as a pivotal factor
correlated with heightened susceptibility to cardiovascular
ailments, cerebrovascular events, and premature mortality
[1-4]. In 2019, elevated BP was causatively linked to
10.8 million annual deaths globally [3]. The prevalence of
hypertension is on an upward trajectory worldwide, attributed
to increased average longevity, advancing age demograph-
ics, and modifiable lifestyle determinants [3,4]. Advancing
age emerges as a predictor of hypertension incidence across
sexes [4]. Current estimates indicate that 68% of individuals
aged 60 years and older are afflicted with hypertension [5],
precipitating an escalation in global morbidity and mortality
rates [3]. By 2019, approximately 700 million individuals had
attained the age of 65 years or older [6], with projections
indicating a doubling of this figure to 1.5 billion by 2050 [6,
7]. Concurrently, this demographic shift is poised to engender
a surge in hypertension prevalence and associated morbidi-
ties, exerting a significant societal burden [6-8].

Accurate BP assessment is essential for cardiovascular
risk prevention and management [3.4]. Failure to validate BP
measurement devices may result in diagnostic errors, leading
to inappropriate clinical decisions [4]. Although office-based
measurements remain the clinical reference standard, current
guidelines recommend ambulatory or home BP monitoring to
improve diagnostic accuracy and reduce phenomena such as
white-coat hypertension [4,9]. Given the multifactorial and
dynamic nature of BP, approaches that allow repeated or
continuous assessment may provide additional clinical value

[4].

Arterial oxygen saturation measurement is also clinically
relevant, particularly for the early detection of hypoxemic
events in acute and chronic cardiopulmonary conditions,
including obstructive sleep apnea and respiratory diseases
[10]. Monitoring arterial oxygen saturation supports patient
triage and informs further diagnostic evaluation, contributing
to timely and appropriate clinical management [10].

Technological advancements significantly contribute to
health care by offering novel avenues for self-management
[11]. Assistive technologies [12] and monitoring tools [6,13,
14] play major roles in promoting active aging [6], facilitating
prolonged independence for older adults in their residen-
ces [12]. Furthermore, continuous, noninvasive real-time
monitoring of cardiovascular parameters such as heart rate
(HR), BP, and peripheral oxygen saturation (SpO;) holds
paramount importance [15]. Such ongoing monitoring enables
early detection and prevention of various cardiac issues [15].
The Internet of Things emerges as a promising avenue for
health monitoring through wearable devices [6,9]. These
devices, which have garnered substantial attention in recent
years, offer monitoring capabilities across a spectrum of
parameters, including HR, BP, body temperature, blood
oxygen saturation, stress levels, sleep patterns, fall detec-
tion, and physical activity [6,9,14-17]. With user-friendly
interfaces and relatively affordable costs, coupled with
advanced analysis and artificial intelligence techniques,
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wearable devices present an appealing and valuable option
for health data extraction [6,9,14-17]. Such technological
solutions, particularly in BP assessment, play a crucial role
in hypertension management, especially in older individuals
given the high prevalence of hypertension in this demo-
graphic [5].

With the global older population and the incidence of
cardiovascular diseases on the rise, research into assistive
technologies for older adults is experiencing rapid expansion
[9]. These technologies serve as invaluable resources for
promoting active aging and providing health care support in
conditions such as dementia, cardiovascular diseases, frailty,
and other age-related ailments [9,18]. While wearables offer
numerous benefits for older adults and individuals suscepti-
ble to conditions like cardiovascular diseases, hypertension,
diabetes, cardiac arrhythmia, hyperlipidemia, and sleep apnea,
ensuring their reliability and safety for clinical use, particu-
larly among this demographic, is paramount [19]. Therefore,
both the World Health Organization (WHO) and research
bodies advocate for the validation of such technologies using
gold standards [19].

Therefore, this study aims to evaluate and compare BP
measurements in older adults obtained using the Samsung
Galaxy Watch 6 with those obtained using a clinically
validated reference BP device (Tonoport; GE Healthcare)
under controlled conditions. The objective is to assess the
agreement and measurement reliability of the Samsung
Galaxy Watch 6 for BP assessment. We intend to verify the
reliability of the Samsung Galaxy Watch 6 as sufficiently
accurate to be used as a BP measurement device. We also aim
to evaluate the Samsung Galaxy Watch 6’s ability to measure
arterial oxygen saturation.

Methods

Overview

This is a quantitative, descriptive, cross-sectional study aimed
at verifying the reliability of wearable sensors (Samsung
Galaxy Watch 6) for measuring BP and SpO; in participants
aged 50 years and older.

Individuals aged 50 to 89 years were enrolled, compris-
ing Caucasian individuals of Portuguese nationality from the
Beira Interior region. Participants were recruited from the
general community through local public announcements (eg,
community notice boards and local outreach) and by direct
invitation. No recruitment was conducted through medical
care facilities, and participants were not employees of specific
companies or institutions. Exclusion criteria included the
inability to calibrate the Samsung Galaxy Watch 6 and
the presence of wrist tattoos. Manufacturer specifications
deemed systolic values greater than 169 and diastolic values
less than 50 unacceptable for smartwatch calibration. Given
the potential for various illnesses and medication use in
this age group, these factors were not considered grounds
for exclusion. BP measurements were conducted between
January 2, 2024, and February 1, 2024.
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Protocol Design

To validate the reliability of the Samsung Galaxy Watch
6 (SM-R930) in terms of BP, we used a clinically valida-
ted reference BP device (TONOPORT V D-10829) under
controlled conditions. According to North American [20,21],
European [22,23], Japanese [24], and Chinese [25] clini-
cal guidelines, reference-grade BP measurement devices are
considered the standard for accurate BP assessment [26]. The
TONOPORT V has previously demonstrated good accuracy
and reliability for systolic and diastolic BP measurements
when compared with mercury sphygmomanometry, fulfilling
all phases of the European Society of Hypertension Interna-
tional Validation Protocol [27]. However, in this study, the
device was used exclusively to perform stationary, office-
based BP measurements under controlled conditions.

Calibration

For calibration purposes, we adhered to the manufactur-
er’s guidelines. Participants were instructed to abstain from
alcohol, caffeine, smoking, and exercise for 30 minutes prior
to calibration, ensuring dry skin [9]. Calibration occurred in
a tranquil setting, with participants seated comfortably, backs
supported, arms resting on a table, legs uncrossed, and feet
flat on the floor. Participants rested in this position for 5
minutes before commencement. During calibration, partici-
pants were instructed to remain still and breathe normally.
Using the Samsung Health Monitor application, on-screen
instructions guided the calibration process. Each participant
underwent an individual calibration protocol consisting of
3 consecutive BP measurements obtained using a clinically
validated reference BP device (TONOPORT V D-10829).
Calibration was exclusively required for the BP variable, as
per the manufacturer’s standards and instructions.

Installation of Measuring Devices

The cuff was installed in accordance with the device’s
standards. Thus, the reference BP device (TONOPORT V
D-10829) cuff was placed on the patient’s nondominant arm,
at a height of about 2.5 cm above the elbow. The cuff would
only be placed on the other arm if there were any limitations.
The cuff was to fit snugly on the patient’s arm, but not too
tightly [28].

Installation of the Samsung Galaxy Watch 6 followed the
manufacturer’s instructions. In this way, the Samsung Galaxy
Watch 6 was worn on the wrist contralateral to the one
used for the reference BP device. The Galaxy Watch strap
was appropriately fitted to the participant’s wrist without
excessive tightness. Due to the placement of the reference
BP device, it was decided to place the watch on the opposite
arm to ensure that measurements did not conflict.

The pulse oximeter was placed on the patient’s right index
finger, which was on the same wrist where the smartwatch
was worn. To ensure an accurate reading, it was important
to place the oximeter snugly against the patient’s skin. This
meant that the sensor should be firmly attached to the skin,
and there should be no gaps between the sensor and the skin.
Once the oximeter was properly adjusted, we waited at least
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30 seconds before taking the oxygen saturation reading. This
allowed the sensor to acclimate to the patient’s temperature
and blood flow. To ensure that painted fingernails would
not cause erroneous readings, we placed the probe oriented
laterally so that the sensor transmitted the light on the side of
the finger [29].

Measurements

The participant was subjected to a 5-minute rest (remain-
ing seated). After resting for 5 minutes, we calibrated the
Samsung Galaxy Watch 6 in relation to BP. After cali-
bration, 3 BP measurements were taken with a S5-minute
interval between each measurement. The reference BP device
(TONOPORT V D-10829, Germany) and the Samsung
Galaxy Watch 6 (SM-R930) were used to measure BP
simultaneously.

For analytical purposes, BP data were evaluated using 2
complementary approaches. First, each measurement session
was analyzed separately to assess within-session variability
and agreement between the smartwatch and the reference
device at each time point, without averaging across ses-
sions. In addition to the analysis of each individual meas-
urement session, particular emphasis was placed on the
overall analysis calculated as the mean of the 3 consecutive
measurements. This approach was adopted to reduce the
influence of random variability and isolated measurement
errors, which are common in single BP readings [22,23]. The
use of averaged values is consistent with standard clinical
practice, where digital BP devices typically rely on multiple
consecutive measurements to improve accuracy and support
clinical decision-making [22,23].

SpO, was measured after the BP measurements. One
measurement was taken simultaneously with the oximeter
(Proficare PO 3104) and the Samsung Galaxy Watch 6. All
BP and SpO, measurements were performed with participants
in a seated position, resting comfortably in a chair with back
support. Participants were instructed to keep both feet flat
on the floor, legs uncrossed, and arms supported at heart
level. A resting period was observed prior to measurements
to ensure hemodynamic stabilization. The same body position
was maintained throughout the measurement protocol.

Statistics

Microsoft Office Excel 2013 and the statistical analysis
software IBM SPSS version 28.0 were used for data analysis.
The calculation of means, SDs, differences, and 95% Cls
was based on standard statistical methods. To verify the
normality of the data, the Kolmogorov-Smirnov test (n>30)
was used. The paired-sample ¢ test (2-tailed) was used to
compare the variables. The degree of agreement between
measurements was evaluated using the intraclass correlation
coefficient (ICC), calculated with a 2-way mixed-effects
model with absolute agreement and single measures. ICC
values were interpreted as indicating low reliability when
below 0.5, moderate reliability between 0.5 and 0.75, good
reliability between 0.75 and 0.9, and excellent reliability
when greater than 0.90. The significance level for rejecting
the null hypothesis was set at an o level of .05. Using
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Bland-Altman graphs, the difference was calculated as the
reference BP device minus the smartwatch measurements. All
assessments obtained from the reference BP device and the
smartwatch were used to construct the Bland-Altman graphs.
The same procedure was also applied to SpO, measurements.
An a priori sample size evaluation indicated that a sample of
approximately 50 participants would provide 80% statistical
power to detect small-to-moderate standardized differences
between measurement methods (Cohen d=0.4), assuming a
2-sided significant a level of .05.

Ethical Considerations

All procedures followed the guidelines of the Declaration of
Helsinki and were approved by the research ethics commit-
tee of the University of Beira Interior (approval CE-UBI-
Pj-2023-064-1ID1994). All participants signed a declaration of
participation. Prior to participation, all individuals received
detailed oral and written information regarding the study
objectives, procedures, potential risks, and benefits, and
they provided written informed consent. Participation was

Table 1. Population characterization.

Madeira et al
voluntary, and participants were assured of confidentiality

and the right to withdraw from the study at any time without
any consequences.

Results

This study included 50 participants aged between 50 and
89 years (mean 70.60, SD 12.03 y), of whom 34 were
female participants and 16 were male participants. Of the 50
participants, 12 were aged between 50 and 59 years (mean
54.67,SD 2.50 y), 12 between 60 and 69 years (mean 64.25,
SD 2.60 y), 11 between 70 and 79 years (mean 76.09, SD
2.26 y), and 15 between 80- and 89 years (mean 84.40, SD
3.60 y). In the male group, the average age was 69.50 (SD
11.76) years, and in the female group, it was 71.12 (SD
12.30) years. The average BMI of the 50 participants was
26.15 (SD 3.93) kg/m?, with males (27.66, SD 2.43 kg/m?)
having a higher BMI than females (25.44, SD 4.31 kg/m?).
This characterization of the population is shown in Table 1.

Variables N Age (y), mean (SD) BMI (kg/mz), mean (SD)
Age (y)

50-59 12 54.67 (2.50) 26.16 (4.86)

60-69 12 64.25 (2.60) 25.03 (3.32)

70-79 11 76.09 (2.26) 26.38 (3.73)

80-89 15 84.40 (3.60) 26.87 (3.88)

50-89 50 70.60 (12.03) 26.15(3.93)
Sex

Male 16 69.50 (11.76) 27.66 (2.43)

Female 34 71.12 (12.30) 2544 (4.31)

As shown in Table 2, paired-samples ¢ tests were performed
to compare measurements obtained with the Samsung Galaxy
Watch 6 and the reference device (Tonoport) across 3
consecutive measurement sessions. In addition to the analysis
of each individual session, particular emphasis was placed
on the overall analysis, calculated as the mean of the 3
measurements. This approach was adopted to minimize the
influence of isolated measurement variability and is consis-
tent with procedures commonly applied in clinical practice,
where digital devices typically rely on averaged values from
repeated measurements to support clinical decision-making.
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It should be noted that paired-sample 7 tests were used as
supplementary descriptive analyses and were not intended to
assess agreement between measurement methods. The
absence or presence of statistically significant differences in
mean values does not, by itself, indicate agreement or
disagreement between devices. Therefore, the interpretation
of agreement in this study is primarily based on Bland-
Altman analysis, limits of agreement, and absolute measure-
ment differences expressed in clinically meaningful units.

For systolic blood pressure (SBP), a statistically significant
difference between devices was observed only during the
first measurement session (P=.006; effect size [ES]=0.403).
No significant differences were identified in the second
(P=.78; ES=-0.039) or third sessions (P=.49; ES=-0.097).
When the overall mean values were considered, no statisti-
cally significant difference was found between the Samsung
Galaxy Watch 6 and the reference device (P=.31; ES=0.083).
Agreement between devices was consistently good, both
across individual measurements (ICC ranging from 0.87 to
0.90) and in the overall analysis (ICC=0.88).

Regarding diastolic blood pressure (DBP), statistically
significant differences were observed between devices in all
3 individual measurement sessions (first: P<.001, ES=0.592;
second: P=.02, ES —0.343; third: P=.02, ES=-0.334).
However, analysis of the overall mean DBP values revealed
no statistically significant difference between devices (P=.88;
ES=0.012). Agreement between devices was classified as
good in the first 2 sessions (ICC=0.82 and 0.90), excellent
in the third session (ICC=0.91), and remained good when
considering the overall analysis (ICC=0.88).

For HR measured during BP monitoring, no statistically
significant differences were found between devices in any of

Figure 1. Boxplot of blood pressure measurements.
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the 3 sessions (P=.97, ES = —0.005; P=.78, ES=0.040; and
P=.30, ES=-0.147). Similarly, no significant difference was
identified in the overall analysis (P=.54; ES=-0.050). The
intraclass correlation coefficients indicated good agreement in
the first 2 sessions (ICC=0.76 and 0.87), moderate agreement
in the third session (ICC=0.67), and good agreement for the
overall mean values (ICC=0.76).

With respect to SpO,, no statistically significant difference
was observed between the Samsung Galaxy Watch 6 and
the reference pulse oximeter (P=.10; ES=0.239). Agreement
between devices was classified as moderate (ICC=0.68).
Likewise, HR measured during SpO, assessment did not
differ significantly between devices (P=.77; ES=-0.041),
demonstrating good agreement (ICC=0.89).

Overall, although statistically significant differences were
identified in some individual measurements, particularly for
DBP, the analysis based on averaged values across repeated
measurements, which reflects standard clinical measurement
procedures using digital devices, demonstrated no significant
differences and good agreement between the Samsung Galaxy
Watch 6 and the reference instruments. Accordingly, greater
emphasis was placed on the evaluation of systematic bias,
limits of agreement, and the distribution of absolute differen-
ces, as these metrics provide a more appropriate assessment
of agreement and clinical relevance in method-comparison
studies than hypothesis testing alone.

According to Figure 1, there appear to be no differences
between age groups or sexes. The boxplots (Figure 2) show
that the variability is similar, with the first, second, and
third quartiles, as well as the maximum and minimum, being
identical for the 2 BP assessment methods.
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Figure 2. Scatterplots of blood pressure measurements.
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Visual inspection of the scatterplots (Figure 2) revealed a
clear positive linear relationship between BP values meas-
ured by the Samsung Galaxy Watch 6 and the reference
BP device for both SBP and DBP. Most data points were
distributed close to the line of identity, indicating that the
smartwatch followed the same measurement trend as the
reference method across the range of observed values.

Bland-Altman analysis demonstrated a small mean bias
between the smartwatch and reference BP device meas-
urements for both SBP and DBP, indicating no rele-
vant systematic overestimation or underestimation by the
smartwatch. Nevertheless, the limits of agreement were
relatively wide, especially for SBP, reflecting considerable
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interindividual variability. For DBP, the limits of agreement
were narrower, suggesting better agreement between methods
compared with systolic measurements.

Overall, while the smartwatch demonstrated good
agreement with the reference device at the group level, the
Bland-Altman plots indicate that individual measurements
may differ substantially, particularly at higher BP values.

The absolute differences between the reference BP device
and Samsung are shown in Table 3. Table 3 indicates that
most of the values between the 2 methods are less than 5 mm
Hg. For SBP, 76% of the values are lower than 5 mm Hg, and
for DBP, 88.7% of the values are below this threshold.

Table 3. Percentage of absolute blood pressure differences between the reference and the Samsung Galaxy Watch 6 within 5, 10, 15, and >15 mm

Hg.

Blood pressure <5 mm Hg (%)

<10 mm Hg (%) <15 mm Hg (%) >15 mm Hg (%)

Systolic blood pressure 76

Diastolic blood pressure 88.7

133 8.7 2
8 2.7 0.6

In Tables 4 and 5, BP was divided by 10 mm Hg according
to the various BP parameters. In these tables, we can see
that there is no difference between the various parameters.
The biggest difference between the reference BP device and
Samsung in SBP appears in values between 140 and 149
mm Hg, corresponding to a difference of 4.67%. In DBP, the

biggest difference is between 70 and 79 mm Hg, correspond-
ing to a difference of 9.33%. Using the Bland-Altman graphs,
the difference was calculated using the reference BP device
minus the smartwatch measurements. All the assessments
made by the reference BP device and the smartwatch were
used for constructing the Bland-Altman graphs.

Table 4. Percentage of absolute differences in systolic blood pressure between the reference and the Samsung Galaxy Watch 6.

80-89  90-99 100-109 110-119 120-129 130-139 140-149 150-159 160-169 170-180 mm
Systolic mm Hg mmHg mmHg mm Hg mm Hg mm Hg mm Hg mm Hg mm Hg Hg
Tonoport (%)  1.33 2.67 2 5.33 2267 26.67 19.33 14.67 1.33 4
Samsung (%) 0 2.67 3.33 8 21.33 23.33 24 12 4.67 0.67
Difference (%) 1.33 0 1.33 2.67 1.33 3.33 4.67 2.67 3.33 3.33
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Table 5. Percentage of absolute differences in diastolic blood pressure between the reference and the Samsung Galaxy Watch 6.

Diastolic 40-49 mm Hg 50-59 mm 60-69 mm Hg  70-79 mm Hg 80-89 mm Hg 90-99 mm Hg 100-110 mm Hg
Hg

Tonoport (%) 2 10 22 33.33 24 8 0.67

Samsung (%) 1.33 10 18.67 42.67 18.67 8.67 0

Difference (%) 0.67 0 3.33 9.33 533 0.67 0.67

Considering the correlation between the SpO; measured by
the Samsung Galaxy Watch 6 and the oximeter in the SpO;
variable, the correlation is moderate (ICC=0.68). As for the
correlation between HR measured by the oximeter and the
watch, the correlation is classified as good (ICC=0.89).

According to Figure 1, there appear to be no differen-
ces between age groups or sexes. As shown in Figure 3,

Figure 3. Boxplot of arterial oxygen saturation.
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(@]

94

92

Peripheral oxygen saturation (%)

90

B
3 Oximeter 110 B Oximeter
W Samsung -Samsung
100
98 T
a E. 90
96 2
2
s 80
94 L4
3
£ 70
60
50-59 60-69 70-79 80-89 0 50-59 60-69 70-79 80-89
Age group Age group
D
ximeter 110 I Oximeter
Samsung W Samsung
100
98
E. 90
96 2
]
© 80
£
£
g 70
T
60

Male Female

Sex

Visual inspection of the scatterplots (Figure 4) revealed
a clear positive linear relationship between SpO, values
measured by the Samsung device and those obtained with
the reference pulse oximeter. Most data points were dis-
tributed close to the line of identity, indicating that the
Samsung device generally follows the measurement trend

https://formative jmir.org/2026/1/e81955

50
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Sex

of the reference method across the observed range of SpO,
values. However, a moderate dispersion around the identity
line was observed, which was more pronounced at lower
SpO; levels, suggesting increased variability between the 2
methods in this range.
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Figure 4. Scatterplots of arterial oxygen saturation. SpO;: peripheral oxygen saturation.

A

98.00

96.00| @ °

94.00 o °

Reference pulse oximeter
peripheral oxygen saturation (%)

92.00 °

90.00 92.00 94.00 96.00 98.00 100.00

Samsung peripheral oxygen saturation (%)

Bland-Altman analysis demonstrated a small positive mean
bias, with the average difference remaining close to zero,
indicating no clinically relevant systematic overestimation
or underestimation by the Samsung device. The majority of
measurements lay within the limits of agreement, support-
ing an overall acceptable level of agreement between the
2 methods. No clear evidence of proportional bias was
identified, as the differences appeared relatively consistent
across the range of mean SpO, values, and no increase in
variability was observed at higher saturation levels.

Overall, these findings indicate good agreement between
the Samsung device and the reference pulse oximeter at the
group level. Nevertheless, the dispersion observed in both the
scatterplot and the Bland-Altman plot suggests that individual
SpO, measurements may differ between methods, particu-
larly at lower saturation values, and this should be taken
into account when interpreting single measurements. Taken
together, Bland-Altman analyses and absolute difference
distributions indicate acceptable agreement between devices
at the group level under standardized resting conditions, while
also highlighting interindividual variability that should be
considered when interpreting individual measurements.

Discussion

Principal Findings

This study aimed to assess the reliability of the Samsung
Galaxy Watch 6 in measuring BP and SpO, among indi-
viduals aged 50 to 89 years. Our findings suggest that
the Samsung Galaxy Watch 6 demonstrates reliability in
these measurements among individuals older than 50 years.
The reliability of these data is crucial for facilitating the
development of digital biomarkers and supporting clinical
research endeavors involving monitoring [15]. Furthermore,
this reliability is instrumental in the prevention and detection
of adverse cardiac events [15,30]. Improved measurement
reliability enhances the potential for wearables to serve as
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affordable and valuable tools for health monitoring, thereby
promoting equitable access to health care [15,16,31,32].

It is important to emphasize that reliability in this context
refers to agreement under standardized, calibrated, resting
conditions, and should not be interpreted as full interchan-
geability with clinical-grade reference devices. Agreement
between methods was, therefore, interpreted primarily based
on Bland-Altman analysis, limits of agreement, and clinically
meaningful absolute differences, rather than the absence of
statistically significant mean differences.

Our findings indicate that the Samsung Galaxy Watch 6
reliably measures BP, showing a strong correlation compared
to the reference method, with results falling within the range
of good to excellent. This underscores the reliability of such
technology for BP measurement among individuals aged
50 to 89 years. A previous study on the Samsung Galaxy
Watch 4, a predecessor to the model used in our research,
also demonstrated reliability in individuals aged 18 years,
displaying a level of accuracy compared to the reference
method [33]. Similarly, research on another wearable device,
the Aktiia Bracelet, conducted on a population aged 2 to 65
years, revealed its safety and effectiveness in measuring BP
compared to ambulatory blood pressure monitoring (ABPM)
[34]. Recent reviews emphasize that smartwatch-based BP
technologies should therefore be interpreted as complemen-
tary tools rather than substitutes for conventional clinical
measurements [19].

In line with these recommendations, the findings indicate
acceptable agreement at the group level, while Bland-Altman
analysis revealed interindividual variability that should be
considered when interpreting single measurements, particu-
larly at higher BP values.

However, in another study validating BP measurement
using a Samsung Galaxy Watch Active 2 smartwatch, a
previous model used in our research, compared to ABPM,
a systematic bias toward a calibration point was observed,
resulting in an overestimation of low BP and an underesti-
mation of high BP [19]. One contributing factor to these
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discrepancies is that the Samsung Galaxy Watch Active
2 smartwatch does not perform automatic measurements;
instead, patients had to manually activate the smartwatch
measurement for 24 hours following the ABPM measurement
[19]. Additionally, differences in firmware versions among
the same device model can lead to varying conclusions [9]. In
this study, the assessments were meticulously controlled and
conducted simultaneously using the Samsung Galaxy Watch
6 (SM-R930) and the TONOPORT V device.

The results of the measurement of SpO, by the Sam-
sung Galaxy Watch 6 smartwatch and the portable finger
pulse oximeter appear to show a good level of agreement
and positive correlation. Our results reinforce the reliabil-
ity of smartwatches and the high accuracy of these devi-
ces compared to a standard pulse oximeter as evaluated in
other studies [35,36]. In addition to the reliability of these
wearables for use in clinical decision-making [35], smart-
watches enable continuous and long-term monitoring [37].
These wearables can detect abnormal fluctuations and more
quickly assess changes in the patient’s state of health over
time [37]. In addition, this type of technology is particularly
advantageous for some pathologies, such as chronic lung
disease, sleep apnea, or post-COVID syndrome [37]. On
the other hand, wearables take the burden off measurements
taken in a medical environment and can minimize errors
associated with anxiety induction and increased adrenergic
activity in clinical settings, known as “hypertension or white
coat syndrome” [4,9]. Moderate reliability indicates that,
although the smartwatch may provide approximate SpO,
estimates under controlled, normoxic resting conditions, its
measurements should not be considered interchangeable with
those obtained from clinical-grade pulse oximeters. Under
these conditions, smartwatch-based SpO, measurements may
be suitable for general trend monitoring in stable individu-
als but remain inadequate for clinical decision-making. It
is important to note that part of the observed variability
may be attributed to differences in the measurement site,
as wrist-based assessments are more susceptible to varia-
tions in skin temperature and peripheral perfusion com-
pared with finger-based pulse oximetry. Recent advances
in wearable photoplethysmography sensor technology and
signal processing have improved measurement performance;
however, physiological factors, such as peripheral perfusion,
skin temperature, and anatomical measurement site remain
important sources of variability [15]. Contemporary reviews
highlight that wrist-based photoplethysmography sensors are
inherently more susceptible to these influences than finger-
based pulse oximetry, reinforcing the cautious interpretation
of smartwatch SpO, measurements [15].

When we validate portable devices, we have to be careful
and follow a series of guidelines. In our study, we followed
guidelines that can influence reproducibility and scientific
rigor [9]. Bearing these guidelines in mind, our research
attempted to verify the reliability of Samsung devices in
different contexts, including sex and various age groups.
Individual differences, sex variability, and demographics
must be taken into account when collecting data using an
optical sensor (photoplethysmography) [9]. Sex must be
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assessed to verify possible measurement errors between male
participants and female participants [9], as some authors have
reported a higher error rate in males than in females [37]. We
did not find any significant differences between sexes with
this smartwatch, possibly due to its more reliable function.

Much of the research on this topic does not take into
account factors such as race and ethnicity, which can impair
the observation and interpretation of health results [9].
Another guideline evaluated was skin tone, which should be
taken into account when evaluating studies using wearables
[9]. Due to the homogeneity of the population studied in
terms of race, we did not encounter any difficulties in this
regard. Another factor that can influence measurements is
whether the participant has tattoos [9], which was not the case
in our study. There also seems to be no consensus on the
accuracy and absorption of green light in people with lighter
skin tones [9]. Wearables that use green LED light have a
shorter wavelength, so the amount of light that passes through
the tissue can be limited [9]. Our research was carried out
on a light-skinned Portuguese population without any tattoos
in the area of the optical sensor. According to the results
of our research, there were no significant changes in any of
the variables evaluated. These results are in line with other
studies that have found no differences in the use of optical
green light sensors in people with lighter skin tones [31,38].

Economic and Political Considerations of
Health Care

The adoption of wearable devices has the potential to improve
health care system efficiency by enabling the early detec-
tion of health problems, monitoring treatment outcomes,
and reducing the burden on health care infrastructures [39-
41]. Continuous monitoring through digital technologies may
support more personalized and effective health management,
potentially lowering costs related to hospitalizations and
emergency care while improving health outcomes [39-41].

Wearable devices and mobile health platforms may also
help reduce inequalities in access to health care by providing
affordable monitoring solutions, particularly in resource-limi-
ted settings, thereby promoting more equitable health care
delivery [41]. Overall, these technologies have the poten-
tial to enhance both individual and population health while
optimizing health care resources.

Study Limitations and Future Research

This study has several limitations that should be acknowl-
edged, including the relatively small sample size, the
homogeneous demographic characteristics of the study
population, and the fact that all measurements were conduc-
ted on the same day and under resting conditions only,
which may not reflect BP variability during daily activities.
The study included only 50 participants from a Caucasian
Portuguese population, which limits the generalizability of
the findings to other ethnicities or populations. Therefore,
the results should be interpreted with caution and should not
be extrapolated beyond similar demographic contexts without
further validation.
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An additional limitation is that smartwatch calibration
and validation were performed using the same reference BP
device within a single session, which may partially inflate
agreement and does not allow for the assessment of cali-
bration stability across days. Another limitation is that BP
was measured on contralateral arms, and interarm differences
may have contributed to measurement variability; therefore,
findings should be interpreted as an arm-to-arm comparison
under standardized resting conditions.

Therefore, future studies are recommended to (1) assess
the reliability of the wearable for BP measurement at different
times of the day; (2) evaluate BP measurement reliability
after more intense daily activities; (3) examine reliability
across different days; (4) verify smartwatch-based SpO,
measurements using repeated assessments; (5) assess SpO,
reliability during movement and daily activities; (6) eval-
uate SpO, measurements across a broader range of oxy-
gen saturation values, including hypoxemic conditions; and
(7) investigate the influence of BMI and other individual
factors, such as skin tone, on measurement accuracy. Future
validation protocols should also incorporate calibration and
validation sessions performed on different days and assess
device performance during unsupervised, real-world use.

Wearable devices may represent a cost-effective and
practical approach for collecting longitudinal BP data and
constructing individual BP profiles. However, to fully realize
this potential, wearable technologies should be capable of
continuous and autonomous BP monitoring. The smartwatch

Madeira et al

used in this study does not currently support fully automatic
BP measurements, which represents an additional limitation.

Conclusions

This study assessed the agreement between the Samsung
Galaxy Watch 6 and reference devices for BP and SpO,
measurements in adults aged 50 years and older. The findings
indicate that the smartwatch demonstrates good agreement
with the reference method for SBP and DBP when averaged
across repeated measurements, despite statistically signifi-
cant differences observed in some individual measurement
sessions. These results suggest that the device may be suitable
for resting BP monitoring based on repeated measurements,
consistent with standard clinical practice.

For SpO,, the smartwatch showed moderate agreement
with the reference pulse oximeter, with no significant
systematic bias. This level of agreement supports its use for
nonclinical monitoring and trend observation under resting
conditions.

In summary, the Samsung Galaxy Watch 6 demonstra-
ted acceptable agreement with reference devices for the
assessment of BP and SpO, in older adults without decom-
pensated clinical conditions, evaluated under controlled
resting conditions. These findings indicate that the device
provides reliable measurements within this specific popula-
tion and context, thereby supporting its use as a complemen-
tary assessment tool when measurements are obtained under
standardized and physiologically stable conditions.
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